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(54) NOVEL PHARMACEUTICAL COMPOSITION FOR USE IN EMERGENCY TREATMENT AND 
PREPARATION METHOD THEREOF 

(57) The present invention relates to a pharmaceu- 
tical composition and the method for the preparation 
thereof, The composition comprises 1.5- 6.9% (w/v) of 
one or more substances selected from sodium chloride, 
sodium bicarbonate, potassium chloride, magnesium 
sulfate, calcium chloride, calcium gluconate, and the 
like, and 3~ 18% (w/v) of one or more substances 
selected from hydroxyethylstarch, dextran, car- 
boxymethylstarch, polyvinylpyrrolidone, gelatin deriva- 
tives, and the like as well as the remainder of 
conventional injections, as long as sodium chloride is 
not less than 1 .5% (w/v). The pharmaceutical composi- 
tion of the present invention is used to treat and save 
the wounded and patients, as well as to treat shock, its 
advantages include safe and convenient use, rapid and 
good curative effect, long time maintenance, extensive 
uses and the like. 
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Description 

[0001] The present invention relates to a novel pharmaceutical composition for treating and saving the wounded, 
and to a method for the preparation thereof. 

5 [0002] Nowadays blood transfusion and fluid infusion are the important measures to treat and save the wounded, 
especially the traumatic shock. Usually, the principle of transfusion is "to infuse component the patient is deficient in, to 
supply how much the patient needs". For example, when the patient mainly lost his blood, he should be transfused with 
blood, even though sometimes the patient needs to be transfused with blood from normal individuals. When the patient 
mainly lost plasma, plasma or plasma volume expander should be transfused to him; when the patient mainly lost inter- 

10 cellular fluid, physiological saline should be infused. In fact, the treating and saving measures of formulating physiolog- 
ical solutions on the basis of normal composition of body, or transfusing with blood from normal individuals to the patient 
with evident physiopathological changes is to treat the organism as mechanical device, therefore these measures often 
have following disadvantages: 

15 (1) Blood transfusion: In general, the volume of blood transfusion closes to or exceeds the volume of blood lost. If 
a big amount of blood is required, the blood source will be difficult, the cost is expensive. The preparation and stor- 
age need certain conditions. In addition, before transfusion, some time should be taken for blood typing and cross 
match tests, and only the substitutes could be used for the individuals with rare blood types. Blood transfusion 
could result in production of anti-platelet antibodies and anti- leucocyte antibodies, as well as various hematogenic 

20 infectious diseases, for example, AIDS, hepatitis B, hepatitis C. etc. 

(2) Albumin infusion: There is a great demand, a great expense difficult source, complicated preparation method 
and certain requirements for the method storage. After albumin infusion, it could effuse through capillaries, and 
couldn't be reabsorbed into vessel. Therefore interstitial edema will occur, and might result in pulmonary edema, 
renal failure, and cardiac insufficiency, by contrast enhance the mortality. Albumin infusion could result in evident 

25 decrease of o^, o^, P, y -globulins and fibrinogen, cause reduction of immunity, and affect function of blood coagu- 
lation. 

(3) Infusion of fluorocarbon as plasma substitute: It requires a large amount of the substitute and simultaneous 
inhalation of oxygen with high component pressure. Otherwise the demand of the organism is not met. The fluoro- 
carbon as plasma substitute should be preserved in low temperature, and its transport is not convenient. For exam- 

30 pie, thirty minutes before infusion the patient should be injected with 1 0 mg of dexamethasone. The frozen injection 
for infusion should be thawed. Thus, the procedures are complicated. After infusion, the observation should be con- 
tinued for 5 - 10min. The infusion of fluorocarbon as plasma substitute could induce adverse reactions, such as 
anaphylaxis, hypotension, thrombocytopenia, hepatosplenomegaly, reduction of immunity, and abnormality of fibri- 
nolysis system. 

35 (4) Infusion of balanced buffers, Its amount infused should be three times more than the volume of blood lost to 
maintain the blood pressure. 60-80% the solution infused could effuse out of the blood vessel, which results in tis- 
sue edema (for example, cerebral edema, pulmonary edema) and renal insufficiency, it could cause the difficulty 
for sequential therapy. 

(5) Infusion of physiological saline. Its amount infused should also be three times more than the volume of blood 
40 lost. Its efficacy is poorer than balanced buffers, and its adverse effects are more significant. 

[0003] To solve the problems in blood transfusion and infusion, the skilled in the art had studied anti-shock therapy 
with hypertonic sodium chloride solution. For example, 7. 5% (w/v) NaCI solution suggested by Velasco. But the hyper- 
tonic NaCI solution has some toxicity to the organism. 
45 [0004] Most investigators have proposed intravenous injection of hypertonic NaCI solution for anti-shock therapy, 
but it usually leads to obvious complications, such as hypotension, rupture of blood cells induced by extra hypertonic 
solution, cardiac insufficiency, decreased renal function and disorders of nervous system. 

[0005] Thus, it can be showed that there is a demand for novel anti-shock drugs to reverse the physiopathological 
condition of shock, in order to obtain time for sequential therapy after the emergency treatment, and to create opportu- 
50 nity with improved effect of treating and saving the wounded and patients, and with increased survival rate. 

[0006] An object of the present invention is to provide a pharmaceutical composition with convenient source, less 
dosage, rapid and better efficacy, less side effects, wider uses, and without restriction by blood type as well as without 
special storage condition. 

[0007] Another object of the present invention is to provide the method for the preparation of the said pharmaceu- 
55 tical composition. 

[0008] The present invention proposes a new concept of liquid therapy for shock, based on three aspects of think- 
ing. The first aspect in connection with the present unreasonable dosage regimen, following principle is adopted: "to 
infuse what component the patient needs, then to infuse how much the patient needs". Based on the physiopathological 
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status of the patient with shock, there is a prior demand for the compound solution containing hypertonic sodium ion (or 
combination of various crystals, or combination of various crystals and various colloids, etc. ) to preliminarily improve 
micro-circulation, tissue perfusion, and hemodynamics immediately. Then in the light of practical demand the isosmotic 
solution or proper hypoosmotic solution or whole blood or concentrated red blood cell suspension is administered, in 

5 order to permit the latter infused solution better action when the patient's condition has improved preliminarily by the 
earlier hypertonic solution, and to remit over-dehydration of some cells caused possibly by the hypertonic solution 
infused earlier. The second aspect, in connection with the present unreasonable ratio of colloids and crystals in the 
transfusion for patient with shock prepared on basis of their normal physiological concentrations, in view of the fact that 
the property and volume-expanding ability of artificial colloids are different from albumin in blood, it is considered that 

70 the transfusion with suitable ratio of colloids and crystals, instead of human normal physiological proportion, should be 
administered on basis of the physiopathological status of patients. Thus medicine administration according to indica- 
tions could reduce the dosage, increase the efficacy, and decrease the complications. The third aspect, in connection 
with a lot of inadequacy in the present anti-shock experimental studies (such as animal model, reasonable concentra- 
tion and infusion rate of hyperosmotic solutions), a great number of experimental studies have been conducted, and 

75 met with success. 

[0009] Based on the above three aspects of thinking form the theoretical researches and the clinical experiences, 
the particular embodiments of the present invention have been completed through the animal experiments and the clin- 
ical practice. 

[0010] The present invention is achieved through the following embodiments. A pharmaceutical composition com- 
20 prising 1 .5-6.9% (w/v) of one or more substances selected from sodium chloride, sodium bicarbonate, potassium chlo- 
ride, magnesium sulfate, calcium chloride, calcium gluconate, calcium lactate, sodium lactate, sodium acetate andTris 
(Hydroxy methyl) aminomethane; and 3-18%(w/v) of one or more substances selected form hydroxyethylstarch, dex- 
tran, carboxy methylstarch, polyvinyl- pyrrolidone (PVP), gelatin derivatives, condensed glucose, glucose, fructose, lac- 
tose, glycerin, xylitol, sodium alginate, N-2- hydroxypropylacrylamide, ethylene epoxide-polypropylene glycol, pectin, 
25 mannitol, and penta hydroxyethylstarch (Pentastarch) as well as the remainder of conventional injections, as long as 
sodium chloride is not less than 1 . 5%(w/v), and the concentration of sodium ion is not more than that of in 6. 9% (w/v) 
sodium chloride solution or equivalent. 

[0011] . The preferred composition of the present invention consisting of 4.2 ± 0.2g sodium chloride and 7.6±0.6g 
hydroxyethylstarch per 1 00ml. 

30 [0012] t In the composition, the said hydroxyethylstarch contains at least 10% hydroxyethylstarch with molecular 
weight of -25, 000-45, 000. 

[0013] v The said dextran has molecular weight of 40, 000-230, 000, carboxymethylstarch has molecular weight of 
30, 000-80, 000, PVP has molecular weight of 5, 000-700, 000, condensed glucose has molecular weight of 8; 000- 
12, 000; sodium alginate has molecular weight of 20, 000-26, 000; pectin has molecular weight of 20, 000-40, 000; 

35 pentahydroxyethylstarch is the product of DuPont Company (Pentastarch) with molecular weight of 264, 000. 

[0014] The said gelatin derivatives have molecular weight of 20, 000- 35, 000, and are selected from urea-conju- 
gated gelatin, modified liquid gelatin, oxidized polygelatin and degraded gelatin poly-peptide. 
[001 5] Conventional injections are selected from water for injection, physiological saline, balanced buffers, glucose 
solution, sodium lactate solution, sodium acetate solution, Tris solution, and glucose and sodium chloride solution. 

40 [0016] The composition of the present invention is prepared as following procedure: dissolving 3-1 8g of total 
amount of one or more substances selected from hydroxyethylstarch, dextran, carboxymethylstarch, PVP, gelatin deriv- 
atives, condensed glucose, glucose, fructose, lactose, glycerin, xylitol, sodium alginate, N-2-hydroxyp ropy lac ryla- 
mide, ethylene epoxide-polypropylene glycol, pectin, mannitol, and pentahydroxyethylstarch in 100 ml of total volume 
of one injection or mixture of several injections selected from water for injection, physiological saline, balanced buffers, 

45 glucose solution, sodium lactate solution, sodium acetate solution, Tris solution, and glucose and sodium chloride solu- 
tion; then adding 1 . 5g sodium chloride and 0— 5.4g of one or more substances selected from sodium chloride, sodium 
bicarbonate, potassium chloride, magnesium sulfate, calcium chloride, calcium gluconate, calcium lactate, sodium lac- 
tate, sodium acetate, and Tris; with the proportion described above, then mixing, and dissolving, to obtain, the compo- 
sition of the present invention. 

so [0017] The preferred technical embodiments are as follows: (i) preparation of hydroxyethylstarch: According to the 
proportion of 1 :0. 8- 0. 875: 0. 04-0. 042 (w/v/v), corn starch or sorghum starch, and 95% ethanol, and 35-38% hydro- 
chloric acid are mixed, the temperature is raised to 65-80 °C for hydrolysis of starch, 16% sodium hydroxide solution 
is added in proportion of 0. 6-0. 7: 1 (v/w) of stated solution versus starch. Then ethylene epoxide is added in propor- 
tion of 0. 35-0. 5: 1 (w/w) of ethylene epoxide versus starch, then the mixture is heated to 65-75 °C to cause starch 

55 hydroxyethylation. (ii) Formulation of the composition: Appropriate volume of water is added, to prepare 7.6 ± 0.6%(w/v) 
hydroxyethylstarch solution. Suitable amount of activated charcoal is added to discolor the solution through adsorption. 
After filtration, the pH is adjusted to 5. 5-7, and the total of 4 ± 0.2g of sodium chloride is added, suitable amount of 
activated charcoal is added again for adsorption and discolor action. After filtrated through 0. 8 ujti micro-porous filter, 
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the preferred composition of the present invention is obtained. 

[0018] The present invention is further illustrated in detail by the following examples. 
Preparative example. 

5 

Preparation of hydroxyethylstarch. 

[0019] 100g Corn or sorghum starch are mixed with 87ml of 95% ethanol and 4. 2 ml of 35% hydrochloric acid. The 
temperature is raised to 70°C to hydrolyze starch then 60ml at 1 6% sodium hydroxide solution is added, then 45g epox- 
w yethane is added, and the mixture is heated to 70 °C to complete hydroxyethylation of starch. According to the formula 
and preparative method described above hydroxyethylstarch with molecular weight of 25, 000-45, 000 is obtained. 

Example 1. 

15 Prepare according to the following proportion: 
[0020] 



hydroxyethylstarch 


7.6g 


sodium chloride 


4.2g 


water for in injection 


added to 100ml 



[0021] 7. 6g hydroxyethylstarch are dissolved in 100 ml of water for injection. 0. 5g of activated charcoal is added, 
and the mixture is heated at 90°C for 15 min under stirring. After filtration through asbestos plate filter, 4. 2g sodium 
chloride (purity pharmaceuticals use) are added, and dissolved with stirring. 0.5g activated charcoal is added, and the 
30 mixture is heated at 90°C for 1 0 min under stirring. After filtration through asbestos plate filter and 0. 8ujti micro-porous 
filter, resulted filtrate is transferred into 250ml or 500-ml glass or plastic bottles (bags), after seating the bottles or bags 
are 1 .05 kg/cm 2 and 1 21 -1 23 °C for 1 5~30min for sterilization, to obtain the pharmaceutical composition of the present 
invention; 

35 Example 2. 

Prepare according to the following proportion: 

[0022] 



dextran 


99 


hydroxyethylstarch 


3g 


sodium chloride 


1.5g 


sodium bicarbonate 


3.4g 


physiological saline 


added to 100ml 



[0023] Above-mentioned dextran (produced by Shanghai Glucose Factory), hydroxyethylstarch (prepared accord- 
ing to preparative example) are dissolved in physiological saline, and adsorbed and discolored with activated according 
to the method stated in Example 1. Then above-mentioned sodium chloride, sodium bicarbonate, are added in turn, 
55 and dissolved with stirring. There after the obtained solution is discolored, filtered, sterilized and filled, to obtain the 
pharmaceutical composition of the present invention. 
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Example 3. 

Prepare according to the following proportion: 
5 [0024] 



polyvinyl-pyrrolidone (PVP) (produced by Bayer) 


I2g 


sodium chloride 


2g 


sodium acetate 


4g 


10% glucose solution 


added to 100ml 



15 

[0025] According to the method described in Example 2 except that dextran and hydroxyethylstarch is replaced by 
PVP, sodium bicarbonate is replaced with sodium acetate, and physiological saline is replaced with glucose solution, 
the composition of the present invention is obtained. 

20 Example 4. 

Prepare according to the following proportion: 

[0026] 

25 





sodium alginate (produced by Nanning Pharmaceutical Factory, Guangxi) 


18g 


30 


sodium chloride 


1.5g 




water for injection, 


added to 100ml 



[0027] According to the method described in Example 1 to prepare the above-mentioned formulation, thus obtain- 
35 ing the pharmaceutical composition of the present invention. 

Example 5. 

Prepare according to the following proportion: 

40 

[0028] 



45 


pectin (produced by PLA No. 1 85 Hospital) 


3g 




Pentahydroxyethyistarch (produced by DuPont Company) 


4g 




sodium chloride 


4g 


50 


mannitol 


7g 




2% sodium lactate lution 


added to 100ml 



[0029] According to the method in described in Example 1, pectin Pentahydroethylstarch and mannitol are dis- 
55 solved in sodium lactate solution, then sodium chloride is added and dissolved. 
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Example 6. 

Prepare according to the following proportion: 
5 [0030] 



condensed glucose (produced by southwest No. 5 Pharmaceutical Factory Chongqing) 


7g 


N-2-hydroxy propyl acrylamide 


2g 


sodium chloride 


4.4g 


water for injection 


added to 100ml 



15 

[0031] Using the method in Example 1, the pharmaceutical composition of the present invention is prepared 
according to the above mentioned formula. 

Example 7. 

20 

Prepare according to the following proportion: 
[0032] 



25 





fructose (produced by Shanghai No. 2 Reagent Factory) 


5g 




xylitol (produced by Liaoyang organic Chemical Plant) 


4g 


30 


sodium chloride 


4.8g 




water for injection 


added to 1 00ml 



[0033] Using the method in Example 1, the pharmaceutical composition of the present invention is prepared 
35 according to the above-mentioned formula. 

Example 8. 

Prepare according to the following proportion: 

40 

[0034] 



45 


glycerin 


2g 




lactose (produced by Shanghai No. 2 chemistry Reagent Factory) 


5g 




sodium chloride 


eg 


50 


water for injection 


added to 100ml 



[0035] Using the method in Example 1, the pharmaceutical composition of the present invention is prepared 
according to the above-mentioned formula. 

55 Test 1 : Animal Experiment 

[0036] From adult healthy hybrid dogs, regardless of sex, under local anesthesia, isolate femoral artery and femoral 
vein, then insert catheters respectively. 
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[0037] The arterial duct is connected to CF--II model monitor of cardiovascular function [Shanghai approval docu- 
ment number: Hu-Yao- Qi-Jian (Zhun)--97-~ 221 103] to monitor cardiovascular status. Bleed these dogs to monitor 
cardiovascular status. Bleed these dogs to average arterial pressure (MAP) of 40-50 mmHg for a period of about 15 
min. Maintain this blood pressure level for 1 hour, then infuse the product prepared in Example 1 at the dose of 8 ml/kg. 
[0038] Monitor the cardiovascular function and urine volume over 4 hours after infusion. In the following tables, the 
blood pressure and other indexes are expressed as percentage of their basal levels respectively, the unit of urine vol- 
ume is ml/kg body weight/h. 
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Table 2 



Comparison between composition of the invention and equal volume of whole blood For urine volume in restoration 

stage in shocked dogs [unit: ml/kg/h] 




after transfusion 




1h 


2h 


3h 


4h 


Composition of the inven- 
tion 

equal volume of whole 
blood 


2.23 ± 1.03 
0.3310.21 (p<0.01) 


0. 94 ± 0.22 
0.2710.16 (p<0.01) 


0.95 1 0.29 
0.73 1 0.41 


1 .00 1 0.30 

0.61 1 0.25 (p<0.05) 



[0039] The composition of the Example 1 of the invention was administered to 48 patients in Hefei No. 105 Hospital, 
Anhui province. The total effective rate was 100%. Most patients, had the blood pressure raised, urine volume 
increased, and the limbs became warm during transfusion. Several patients whom the conventional drugs couldn't 
already reverse, the composition of the Example 1 of the invention begin to play its role 5- 10minutes after infusion. 
The circulatory function of patients has recovered basically, (and there were no obvious clinical complications. 

Test 3. Experiment of acute toxicity 

[0040] when dogs were given at 2.5 times the dosage for human, no adverse effects have been showed. At 5 times 
the recommended dosage, salivation and vomiting were seen in the dogs. At 3. 75 times the recommended dosage 
vomiting was seen without salivation in the dogs. All the above administered dogs survived more than 45 days. At 7. 5 
times the recommended dosage the death occurred in the administered dogs, focal hemorrhage was seen in the lungs 
as target organs. 

[0041] The composition of the present invention could be infused through vein at the dose of 8 ml of the composi- 
tion of the present invention per kg body weight It could be used directly in treating and saving the patients with shock, 
combined injuries or hematorrhea etc in order, to reverse the physio-pathological status of patients and to obtain time 
for sequential treatment. 

[0042] As compared with the prior art, the pharmaceutical composition, of this invention has the following prominent 
features and improvement: 

1 Greatly decreased volume of transfusion: In general, the dose for most patients is 500 ml or less than 500 ml. 
Even if the patients suffered from lethal hematorrhea, to infuse only 1/4 to 1/6 of volume of lost blood is enough. 
Thus, it could obviously decrease the incidence rate of tissue edema or overload of heart. 

2. Rapid curative effect just during 5-- 10 minutes after infusion, the hemodynamics has been improved signifi- 
cantly. 

3. Good efficacy. As Test 1 showed the composition of the invention had better efficacy than that of equal volume 
of fresh whole blood. Moreover, although the composition of the invention has no oxygen- carrying action, but it 
could improve micro-circulation and general status to decrease oxygen consumption and to increase oxygen 
transport. Thus at least 50% of blood transfused could be saved, it could mitigate the contradiction with short sup- 
ply of blood, decrease the complications induced by blood transfusion, and reduce obviously the economic burden 
for the patients. 

4. Maintain once of efficacy for long time. As Test 1 showed, after infusion of the composition of the invention, the 
improvement of hemodynamics and general condition could be maintained more than 3-4 hours, even if all other 
infusion and drugs were not administered. 

5. Unnecessary special condition for storage: The composition could be stored at room temperature, simply used 
infused intravenously or intraosseous ly and conveniently transported, without special devices and special vehicles. 

6. Unnecessary blood typing and cross match tests: It is suitable for individual with any blood type. Thus the valu- 
able time could be gained to rescue the wounded and patients. 

7. Wider uses: It could widely be used in the treatment of patients with shock of various types, brain trauma burn, 
combined injuries, cardiogenic shock induced by myocardial infarction of right ventricle, hypotension induced by 
hemodialysis, biliary pancreatitis, cardiovascular intoxication induced by narcotic, hepatic echinococcosis, and 
patients under operation. 

8. Change of administration model: The composition of the invention could be infused drop by drop intravenously, 
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Instead of pushing so it could be conveniently used with less complications. 

[0043] In general, as compared with prior therapy, the composition of the present invention possesses unique ben- 
efit and theoretical innovation, for treating and saving the wounded and patients, so it is active significance. 

5 

Claims 

1. A pharmaceutical composition comprising 1 .5-6.9 % (w/v) of one or more substances selected from sodium chlo- 
ride, sodium bicarbonate, potassium chloride, magnesium sulfate, calcium chloride, calcium gluconate, calcium 

10 lactate, sodium lactate, sodium acetate and Tris (Hydroxy methyl) aminomethane, and 3-1 8 % (w/v) of one or more 
substances selected from hydroxyethylstarch, dextran, carboxymethylstarch, polyvinylpyrrolidone (PVP), gelatin 
derivatives, condensed glucose, glucose, fructose, lactose, glycerin, xylitol, sodium, alginate, N--2- hydroxypropy- 
lacrylamide, ethylene epoxide-polypropylene glycol, pectin, mannitol, and pentahydroxyethylstarch; as well as the 
remainder of conventional injections, as long as sodium chloride is not less than 1.5% (w/v), and the concentration 

15 of sodium ion is not more than that of 6.9 % (w/v) sodium chloride solution or equivalent 

2. The pharmaceutical composition of Claim 1 , wherein the composition contains 4.2 ± 0.2g sodium chloride and 7.6 
± 0.6g hydroxyethylstarch per 100 ml. 

20 3. The pharmaceutical composition of Claim 1 or 2, wherein the conventional injections are selected from water for 
injection, physiological saline, balanced buffers, glucose solution, sodium lactate solution, sodium acetate solution, 
Tris solution, and glucose and sodium chloride solution., 

4. The pharmaceutical composition of Claim 1 or 2, wherein hydroxyethylstarch contains at least 10% hydroxyethyl- 
25 starch with molecular weight of 25, 000-45, 000. 

5. The pharmaceutical composition of Claim 1, wherein gelatin derivatives have, molecular weight of 20, 000-35, 
000, and are selected from urea-conjugated gelatin, modified liquid gelatin, oxidized polygelatin and degraded gel- 
atin polypeptide. 

30 

6. The pharmaceutical composition of Claim 1, wherein dextran has molecular weight of 40, 000-230, 000; car- 
boxymethylstarch has molecular weight of 30, 000-80, 000, PVP has molecular weight of 5, 000-700, 000, con- 
densed glucose has molecular weight of 8, 000- 12, 000, sodium alginate has molecular weight of 20, 000-26, 
000, pectin has molecular weight of 20, 000-40, 000; pentahydroxyethylstarch has molecular weight of 264, 000. 

35 

7. A method for preparing the pharmaceutical composition of Claim 1 , comprising: dissolving 3-1 8g of one or more 
substances selected from hydroxyethylstarch, dextran, carboxymethylstarch, PVP, gelatin derivatives, condensed 
glucose, glucose, fructose, lactose, glycerin, xylitol, sodium alginate, N-2-hydroxypropylacrylamide, ethylene 
epoxide-polypropylene glycol, pectin, mannitol, and pentahydroxyethylstarch, in total of 100 ml of one injection or 

40 mixture of several injections selected from water for injection, physiological saline, balanced buffers, glucose solu- 
tion, sodium lactate solution, sodium acetate solution, Tris solution, and glucose and sodium chloride solution; the 
adding 1 .5g sodium chloride and 0 — 5.4g of one or more substances selected from sodium chloride, sodium bicar- 
bonate, potassium chloride, magnesium sulfate, calcium chloride, calcium gluconate, calcium lactate, sodium lac- 
tate, sodium acetate, and Tris with the proportion described above, then mixing, dissolving, to obtain the 

45 composition of the present invention. 



50 
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Description 

FIELD OF THE INVENTION 

s [0001] The present invention relates to a sustained release formulation of a pharmacologically active substance and 
a method for producing the same. 

BACKGROUND OF THE INVENTION 

w [0002] JP-A-7-97334 discloses a sustained release formulation consisting of a physiologically active peptide or its 
salt and a biodegradable polymer having a terminal free carboxyl group as well as a method for producing the same. 
[0003] Each of GB2209937, GB22341 69, GB2234896, GB2257909 and EP6261 70A2 discloses a composition com- 
prising as a base a biodegradable polymer containing a water-insoluble salt such as a pamoate of a peptide or a protein 
prepared separately as well as a method for producing the same. 

15 [0004] W095/1 5767 discloses an embonate (pamoate) of cetrorelix (LH-RH antagonist) and a method for producing 
the same, and describes that this pamoate, even when enclosed in a biodegradable polymer, exhibits the peptide- 
releasing performance equivalent to the pamoate which exists independently. 

DISCLOSURE OF THE INVENTION 

20 

[0005] There is provided a novel composition containing a physiologically active substance at a high concentration 
whose excessive initial release is suppressed whereby accomplishing a stable releasing rate over a prolonged period 
(preferably about 6 months or longer). 

[0006] The present inventors made an effort to solve the problems described above and finally discovered that by 
25 allowing a physiologically active substance and a hydroxynaphthoic acid to coexist upon forming a composition the 
physiologically active substance can be introduced at a high concentration into the composition; that further by enclos- 
ing these two components into a lactic acid-glycolic acid polymer the physiologically active substance can be released 
at a releasing rate different from the rate at which the physiologically active substance, is released from a composition 
formed from the physiologically active substance and the hydroxynaphthoic acid prepared in the absence of the lactic 
30 acid-glycolic acid polymer; that this releasing rate can be controlled by selecting the characteristics of the lactic acid- 
glycolc acid polymer and the amount of the hydroxynaphthoic acid; that an initial excessive release can surely be 
suppressed even at a high concentration whereby accomplishing a sustained release over an extremely prolonged 
period (preferably about 6 months or longer); and also that by employing a lactic acid-glycolic acid polymer whose 
weight average molecular weight multiplied by the amount (u,mol) of the terminal carboxyl group per unit mass (g) of 
35 the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 (inclusive) a further satisfactory sustained release for- 
mulation can be provided. As a result of a further effort, the present invention was completed. 
[0007] Thus, the present invention provides: 

(1) a sustained release composition comprising a pharmacologically active substance or its salt, a hydroxynaph- 
40 thoic acid or its salt and a lactic acid-glycolic acid polymer or its salt, wherein the product of the weight average 

molecular weight of said lactic acid-glycolic acid polymer by the amount (nmol) of the terminal carboxyl group per 
unit mass (g) of said lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 (inclusive); 

(2) the sustained release composition according to the above-mentioned (1 ), wherein the pharmacologically active 
substance is a physiologically active peptide; 

45 (3) the sustained release composition according to the above-mentioned (1 ), wherein the pharmacologically active 

substance is an LH-RH derivative; 

(4) the sustained release composition according to the above-mentioned (1), wherein the hydroxynaphthoic acid 
is 1 -hydroxy-2-naphthoic acid or 3-hydroxy-2-naphthoic acid; 

(5) the sustained release composition according to the above-mentioned (1), wherein the hydroxynaphthoic acid 
50 is 1-hydroxy-2 -naphthoic acid. 

(6) the sustained release composition according to the above-mentioned (1) wherein the % molar ratio between 
lactic acid and glycolic acid is 100/0 to 40/60; 

(7) the sustained release composition according to the above-mentioned (1), wherein the % molar ratio between 
lactic acid and glycolic acid is 100/0; 

55 (8) the sustained release composition according to the above-mentioned (1 ), wherein the weight average molecular 

weight of the polymer is about 3,000 to about 1 00,000; 

(9) the sustained release composition according to the above-mentioned (8), wherein the weight average molecular 
weight is about 20,000 to about 50,000; 
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(10) the sustained release composition according to the above-mentioned (3), wherein the LH-RH derivative is a 
peptide represented by Formula: 

5-oxo-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-Z 

wherein Y denotes DLeu, DAIa, DTrp, DSer(tBu), D2Nal or DHis(lmBzl), and 2 denotes NH-C 2 H 5 or Gly-NH 2 ; 

(11) the sustained release composition according to the above-mentioned (1), wherein the amount (ujtioI) of the 
terminal carboxyl group of the polymer is 50 to 90 ^mol per unit mass (g) of the polymer; 

(12) the sustained release composition according to the above-mentioned (3), wherein the molar ratio between 
the hydroxynaphthoic acid or its salt and the LH-RH derivative or its salt is 3:4 to 4:3; 

(13) the sustained release composition according to the above-mentioned (3) which contains the LH-RH derivative 
or its salt in an amount of 12 % by weight to 24 % by weight based on the sustained release composition; 

(14) the sustained release composition according to the above-mentioned (1), wherein the physiologically active 
substance or its salt is a slightly water-soluble or water-soluble substance; 

(15) the sustained release composition according to the above-mentioned (1) which is a formulation for injection; 

(16) a method for producing a sustained release composition according to the above-mentioned (1) which com- 
prises removing a solvent from a mixture of a pharmacologically active substance or its salt, a lactic acid-glycolic 
acid polymer or its salt and a hydroxynaphthoic acid or its salt; 

(17) the method according to the above-mentioned (16) which comprises mixing the pharmacologically active 
substance or its salt with a solution of the lactic acid-glycolic acid polymer or its salt and the hydroxynaphthoic 
acid or its salt in an organic solvent, dispersing the mixture, and then removing the organic solvent; 

(18) the method according to the above-mentioned (16), wherein the pharmacologically active substance or its 
salt is an aqueous solution containing the pharmacologically active substance or its salt; 

(1 9) the method according to the above-mentioned (1 6) : wherein the salt of the pharmacologically active substance 
is a salt with a free base or acid; ~ 

(20) a medicament comprising a sustained release composition according to the above-mentioned (1 ); 

(21 ) a prophylactic or therapeutic agent against prostate cancer, prostate hyperplasia, endometriosis : hysteromy- 
oma, metrofibroma, precocious puberty, dysmenorrhea or mammary cancer or an contraceptive containing^ sus- 
tained release composition according to the above-mentioned (3); 

(22) the sustained release composition according to the above-mentioned (1 ), wherein the pharmacologically. active 
substance or its salt is released over a period of at least 6 months or longer; and 

(23) a sustained release composition comprising a pharmacologically active substance or its salt, 1-hydroxy- 
2-naphthoic acid or its salt and a biodegradable polymer or its salt. 

Furthermore, the invention provides: 

(24) a method for producing a sustained release composition according to the above-mentioned (16) which com- 
prises producing a w/o emulsion having as an inner aqueous phase a liquid containing the physiologically active 
substance or its salt and as an oil phase a solution containing the lactic acid-glycolic acid or its salt and the hy- 
droxynaphthoic acid or its salt followed by removing a solvent; 

(25) a method for producing a sustained release composition according to the above-mentioned (16) which com- 
prises producing a w/o emulsion having as an inner aqueous phase a liquid containing the hydroxynaphthoic acid 
or its salt and as an oil phase a solution containing the physiologically active substance or its salt and the lactic 
acid-glycolic acid or its salt followed by removing a solvent; 

(26) a method for producing a sustained release composition according to the above-mentioned (16) which com- 
prises mixing the pharmacologically active substance or its salt with the hydroxynaphthoic acid or its salt, dissolving 
the mixture, and then removing the organic solvent; and 

(27) a method for producing a sustained release composition according to any of the above-mentioned (24) to (26) 
wherein the process for removing the solvent is a in-water drying method. 

[0008] While a physiologically active substance employed in the present invention is not limited particularly as long 
as it is pharmaceutical^ useful, it may be a non-peptide compound or a peptide compound. A non-peptide compound 
may for example be an agonist, an antagonist and a compound having an inhibitory effect on an enzyme. An example 
of a preferred peptide compound is a physiologically active peptide having a molecular weight of about 300 to about 
40,000, preferably about 400 to about 30,000, more preferably about 500 to about 20,000. 

[0009] Such physiologically active peptide may for example be luteinization hormone-releasing hormone (LH-RH), 
insulin, somatostatin, growth hormone, growth hormone-releasing hormone (GH-RH), prolactin, erythropoietin, adren- 
ocortical hormone, melanocyte-stimulating hormone, thyroid hormone-releasing hormone, thyroid-stimulating hor- 
mone, luteinization hormone, follicle-stimulating hormone, vasopressin, oxytocin, calcitonin, gastrin, serectin, pancre- 
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ozymin, cholecystokinin, angiotensin, human placental lactogen, human chorionic gonadotropin, enkephalin, endor- 
phin, "KYOTO RPH IN", tuftsin, thymopoietin, thymosin, "THYMOTHYMRIN", thymic humoral factor, blood thymic factor, 
tumor necrosis factor, colony-inducing factor, motilin, "DEINORPHINE", bombesin, neurotensin, cerulein, bradykinin, 
atrial natriuretic factor, nerve growth factor, cell growth factor, neurotrophic factor, endothelin-antagonizing peptide and 
5 their derivatives as well as their fragments and derivative thereof. 

[001 0] In the present invention, a physiologically active substance may be employed as it is or as a pharmaceutical ly 
acceptable salt thereof. 

[0011] A salt of a physiologically active substance having a basic group such as an amino group may for example 
be a salt with an inorganic acid (referred to also as an inorganic free acid) (e.g., carbonic acid, bicarbonic acid, hydro- 
10 chloric acid, sulfuric acid, nitric acid, boric acid and the like) and with an organic acid (referred to also as an organic 
free acid) (e.g., succinic acid, acetic acid, propionic acid, trofiuoroacetic acid and the like). 

[001 2] A salt of a physiologically active substance having an acidic group such as a carboxyl group may for example 
be a salt with an inorganic base (referred to also as an inorganic free base) (e.g., an alkaline metal such as sodium 
and potassium, an alkaline earth metal such as calcium and magnesium) or with an organic base (referred to also as 

15 an inorganic free base) (e.g., an organic amine such as triethylamine, a basic amino acid such as arginine). A physi- 
ologically active peptide may form a metal complex compound (e.g., copper complex, zinc complex and the like. 
[0013] A preferred example of such physiologically active peptide is an LH-RH derivative or its salt which is useful 
for treating a hormone-dependent disease, especially a sex hormone-dependent cancer (e.g., prostate cancer, uterine 
cancer, mammary cancer, pituitary cancer and the like), a sex hormone-dependent disease such as prostate hyper- 

20 plasia, endometriosis, hysteromyoma, precocious puberty, dysmenorrhea, amenorrhea, premenstrual syndrome, mul- 
tilocular ovarian syndrome and the like, and useful as a contraceptive (or against infertility when utilizing a rebound 
effect after discontinuation). Also exemplified is an LH-RH derivative or its salt which is useful for treating a benign or 
malignant tumor which is not sex hormone-dependent but is LH-RH sensitive. 

[001 4] Typically, an LH-RH derivative or its salt may for example be the peptides described in Treatment with GnRH 
25 analogs: Controvesies and perspectives, The Parthenon Publishing Group Ltd., (1996), JP-W-3-503165, JP-A- 
3-1 01 695, 7-97334 and 8-259460. 

[0015] An LH-RH derivative may for example be an LH-RH agonist or an LH-RH antagonist, the latter may for example 
be a pharmacologically active peptide represented by Formula [I]: 



X-D2Nal-D4CIPhe-D3Pal-Ser-A-B-Leu-C-Pro-DAIaNH 2 



Wherein X denotes N(4H2-furoyl)Gly or NAc, A denotes a residue selected from NMeTyr, Tyr, Aph(Atz) and NMeAph 
(Atz), B denotes a residue selected from DLys(Nic), DCit, DLys(AzaglyNic), DLys(AzaglyFur), DhArg(Et 2 ), DAph(Atz) 
35 and DhCi, and C denotes Lys(Nisp), Arg or hArg(Et 2 ) or its salt. 

[0016] An LH-RH agonist may for example be a pharmacologically active peptide represented by Formula [II]: 



5-oxo-Pro-His-Tip-Ser-Tyr-Y-Leu-Arg-Pro-Z 

40 

wherein Y denotes a residue selected from DLeu, DAIa, DTrp, DSer(tBu), D2Nal and DHis(lmBzl), and Z denotes 
NH-C 2 H 5 or Gly-NH 2 or its salt. One preferred especially is a peptide wherein Y is DLeu, Z is NH-C 2 H 5 (i.e., a peptide 
represented by 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH-C 2 H 5 ). 

[0017] Any of these peptides can be produced by a method described in the foregoing references and specifications 
45 as well as a method in accordance therewith. 

[0018] Abbreviations employed herein are listed below. 
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Abbreviation Name 

N(4H2-furoyl)Gly: N-tetrahydrofuroyl glycine residue 

NAc: N-acetyl group 

D2Nal: D-3-(2-naphthyl)alanine residue 

D4CIPhe: D-3-(4-chloro)phenylalanine residue 

D3Pal: D-3-(3-pyridyl)alanine residue 

NMeTyr: N-methyltyrosine residue 

Aph(Atz): N-p'^S'-amino-l'H-r^'^'-triazolyOl-phenylalanine residue 

NmeAph(Atz): N-methyl-^'-tS'-amino-rH-r^'^'-triazolyOlphenylaianine residue 

DLys(Nic): D-(e-N-nicotinoyl)lysine residue 

Dcit: D-citrulline residue 
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DLys(AzaglyNic): 

DLys(AzaglyFur): 

DhArg(Et 2 ): 

Daph(Atz): 

DhCi: 

Lys(Nisp): 

hArg(Et 2 ): 

DSer(tBu): 

Dhis(lmBzl): 



D-(azaglycylnicotinoyl)lysine residue 

D-(azaglycylfuranyl)lysine residue 

D-(N,N'-diethyl)homoarginine residue 

D-N-fS'-JS'-amino-rH-l'^'.^-triazolylJlphenylalanine residue 

D-homocitrulline residue 

(e-N-isopropyl)lysine residue 

(N ,N'-dielhyl)homoarginine residue 

O-tert-butyl-D-serine 

N im -benzyl-D-histidine 



[0019] Otherwise, an amino acid, when designated as an abbreviation, is represented as found in IUPAC-IUB Com- 
mission on Biochemical Nomenclature, European Journal of Biochemistry, Vol. 1 38, page 9 to 37 (1 984) or as customary 
in the art, and an amino acid, even when optical isomers thereof exist, means an L form unless otherwise specified. 
[0020] A hydroxynaphthoic acid employed in the invention is a naphthalene to which one hydroxyl group and one 
carboxyl group were bound on different carbon atoms. Accordingly, there were 14 isomers in total which differ from 
each other in the position of the hydroxyl group in relation to each of the 1 -position and the 2-position at which the 
carboxyl group is bound to the naphthalene ring. The invention may employ any of these isomers as well as a mixture 
thereof at any ratio. As described below, one having a higher acid dissociation constant is preferable, or one having a 
lower pKa (pKa=-log 10Ka wherein Ka is an acid dissociation constant is preferable. A slightly water-soluble isomer 
is preferable. 

[0021] One also preferred is an isomer which is soluble in an alcohol (for example, ethanol and methanol). The 
expression "soluble in an alcohol" means that the solubility, for example in methanol, is 10 g/L or higher. 
[0022] While the pKa of 3-hydroxy-2-naphthoic acid (pKa=2.708, KAGAKUBINRAN, II, NIPPON KAGAKUKAI, Pub- 
lished on September 25, 1 969) is the only known pKa among hydroxynaphthoic acid isomers, a comparison of the pKa 
between the three isomers of hydroxybenzoic acid serves to give a useful information. Thus, the pKas of m-hydroxy- 
ben/oic acid and p-hydroxybenzoic acid are 4 or higher, while the pKa of o-hydroxybenzoic acid (salicylic acid) is far 
lower (^2.754). Accordingly, 3-hydroxy-2-naphthoic acid, 1-hydroxy-2-naphthoicacid and 2-hydroxy-1 -naphthoic acid 
eacn having a carboxyl group and a hydroxyl group bound to the adjacent carbon atoms in the naphthalene ring are 
preferred among the 14 isomers described above. 

[0023] A hydroxynaphthoic acid may be a salt. Such salt may for example be a salt with an inorganic base (e.g., an 
alkaline metal such as sodium and potassium, an alkaline earth metal such as calcium and magnesium), with an organic 
base (e.g.. an organic amine such as triethylamine, a basic amino acid such as arginine), or with a transition metal (e. 
g.. zinc, iron, copper) as well as a complex salt. 

[0024] An example of a method for producing a hydroxynaphthoate of a pharmaceutically active substance of the 
invention is described below. 



(1 ) A solution of a hydroxynaphthoic acid in a hydrated organic solvent is loaded onto and adsorbed by a weakly 
basic ion exchange column until saturation. Subsequently, the hydrated organic solvent is loaded to remove ex- 
cessive hydroxynaphthoic acid and then a solution of a physiologically active substance or its salt in a hydrated 
organic solvent is loaded to effect an ion exchange, and the resultant effluent is made free of the solvent. Such 
hydrated organic solvent contains as an organic solvent an alcohol (e.g., methanol, ethanol), acetonitrile, tetrahy- 
drof uran. dimethylformamide and the like. A method for removing the solvent to precipitate a salt may be a method 
known per se or a method in accordance therewith. For example, the solvent is evaporated off with adjusting the 
vacuum level using a rotary evaporator 

(2) The exchange ion of a strongly basic ion exchange column has previously been replaced with a hydroxide ion 
and then is loaded with a solution of a physiologically active substance or its salt in a hydrated organic solvent 
whereby exchanging the basic groups into the hydroxides. The recovered effluent was used to dissolve a hydrox- 
ynaphthoic acid in an amount less than the equivalent, concentrated to precipitate a salt, which is dried if necessary 
after washing with water. 

[0025] Since a hydroxynaphthoate of a physiologically active substance is slightly water-soluble although the solu- 
bility may vary depending on the physiologically active substance employed, it can be used as a sustained release 
formulation utilizing the sustained releasing ability of the physiologically active peptide salt itself or it can further be 
formulated into a sustained release composition. 

[0026] A lactic acid-glycolic acid polymer employed in the invention is a lactic acid-glycolic acid polymer whose weight 
average molecular weight multiplied by the amount (urnol) of the terminal carboxyl group per unit mass (g) of the lactic 
acid-glycolic acid polymer is 1,200,000 to 3,000,000 (inclusive), preferably 1,500,000 to 2,600,000 (inclusive), with 
one having a terminal free carboxyl group being employed preferably. 
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[0027] A lactic acid-glycolic acid polymer may be in the form of a salt. Such salt may for example be a salt with an 
inorganic base (e.g., an alkaline metal such as sodium and potassium, an alkaline earth metal such as calcium and 
magnesium), with an organic base (e.g., an organic amine such as triethylamine, a basic amino acid such as arginine), 
or with a transition metal (e.g., zinc, iron ; copper) as well as a complex salt. 
5 [0028] Such polymer has a % molar ratio between lactic acid and glycolic acid ranging preferably from about 1 00/0 
to about 40/60, more preferably from about 1 00/0 to about 50/50. A lactic acid homopolymer whose % molar ratio is 
1 00/0 is also employed preferably, 

[0029] The optical isomer ratio of lactic acid which is one of the least repeating units of "lactic acid-glycolic acid 
polymer" described above, when represented as D-form/L-form (% mol/mol), is preferably about 75/25 to about 25/75. 
10 Those having a ratio of D-form/L-form (% mol/mol) especially of about 60/40 to about 30/70 are employed frequently. 
[0030] The weight average molecular weight of "lactic acid-glycolic acid polymer" described above is usually about 
3,000 to about 100,000, preferably about 3,000 to about 60,000, more preferably about 3,000 to about 50,000, espe- 
cially about 20,000 to about 50,000. 

[0031] A lactic acid-glycolic acid polymer of the invention may for example be a polymer having a weight average 
15 molecular weight multiplied by the amount (jimol) of the terminal carboxyl group per unit mass (g) of the lactic acid- 
glycolic acid polymer of 1,200,000 to 3,000,000 (inclusive), more preferably a polymer having a weight average mo- 
lecular weight multiplied by the amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic 
acid polymer of 1 ,500,000 to 2,600,000 (inclusive). 

[0032] The polydispersity (weight average molecular weight/number average molecular weight) is usually about 1 .2 
20 to about 4.0, preferably about 1 .5 to about 3.5, more preferably about 1 .7 to about 3.0. 

[0033] The amount of the free carboxyl group of "lactic acid-glycolic acid polymer" described above per unit mass 
(g) of the polymer is usually about 20 to about 1000 umol, more preferably about 40 to about 1000 umol. A further 
preferable amount is about 40 to about 95 umol, especially about 50 to about 90 umol. 
[0034] Preferred examples are: 

25 

(1) a lactic acid-glycolic acid polymer whose weight average molecular weight is about 3,000 to about 100,000 
and whose weight average molecular weight multiplied by the amount (umol) of the terminal carboxyl group per 
unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 (inclusive); 

(2) a lactic acid-glycolic acid polymer whose weight average molecular weight is about 3,000 to about 60,000 and 
30 whose weight average molecular weight multiplied by the amount (umol) of the terminal carboxyl group per unit 

mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 (inclusive); 

(3) a lactic acid-glycolic acid polymer whose weight average molecular weight is about 3,000 to about 50,000 and 
whose weight average molecular weight multiplied by the amount (umol) of the terminal carboxyl group per unit 
mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 (inclusive); 

35 (4) a lactic acid-glycolic acid polymer whose weight average molecular weight is about 20,000 to about 50,000 

and whose weight average molecular weight multiplied by the amount (umol) of the terminal carboxyl group per 
unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 (inclusive); 

(5) a lactic acid-glycolic acid polymer whose amount (umol) of the terminal carboxyl group per unit mass (g) of the 
lactic acid-glycolic acid polymer is about 20 to about 1000 umol and whose weight average molecular weight 

40 multiplied by the amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid 

polymer is 1 ,200,000 to 3,000,000 (inclusive); 

(6) a lactic acid-glycolic acid polymer whose amount (ymol) of the terminal carboxyl group per unit mass (g) of the 
lactic acid-glycolic acid polymer is about 40 to about 1000 umol and whose weight average molecular weight 
multiplied by the amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid 

45 polymer is 1 ,200,000 to 3,000,000 (inclusive); 

(7) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 1 00,000, 
[2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 20 to about 1000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 

so (inclusive); 

(8) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 1 00,000, 
[2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 40 to about 1000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 

55 (inclusive); 

(9) a lactic acid-glycolic acid polymer [1] whose weight average molecular weight is about 3,000 to about 60,000, 
[2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 20 to about 1000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
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of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 
(inclusive); 

(1 0) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 60,000, 
[2] whose amount (u.mol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 40 to about 1000 uinoi and [3] whose weight average molecular weight multiplied by the amount (fimol) 
of the terminal carboxyl group per unit mass (g) of the laclic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 
(inclusive); 

(1 1 ) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 50,000, 
[2] whose amount (jimol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 20 to about 1000 u.mol and [3] whose weight average molecular weight multiplied by the amount (pmol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 
(inclusive); 

(12) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 50,000, 
[2] whose amount (u,mol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 40 to about 1000 u.mol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 
(inclusive); 

(1 3) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 20,000 to about 50,000, 
[2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 20 to about 1000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 
(inclusive); and 

(1 4) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 20,000 to about 50,000, 
[2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 40 to about 1000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 
(inclusive). 

More preferred example are: 

(1 5) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 1 00,000 
and [2] whose weight average molecular weight multiplied by the amount (umol) of the terminal carboxyl group 
per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 (inclusive); 

(1 6) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 60,000 
and [2] whose weight average molecular weight multiplied by the amount (umol) of the terminal carboxyl group 
per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 (inclusive); 

(1 7) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 50,000 
and [2] whose weight average molecular weight multiplied by the amount (umol) of the terminal carboxyl group 
per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 (inclusive); 

(1 8) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 20,000 to about 50,000 
and [2] whose weight average molecular weight multiplied by the amount (umol) of the terminal carboxyl group 
per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 (inclusive); 

(19) a lactic acid-glycolic acid polymer [1] whose amount (ujnol) of the terminal carboxyl group per unit mass (g) 
of the lactic acid-glycolic acid polymer is about 20 to about 1000 fimol and [2] whose weight average molecular 
weight multiplied by the amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic 
acid polymer is 1 ,500,000 to 2,600,000 (inclusive); 

(20) a lactic acid-glycolic acid polymer [1] whose amount (umol) of the terminal carboxyl group per unit mass (g) 
of the lactic acid-glycolic acid polymer is about 40 to about 1000 u.mol and [2] whose weight average molecular 
weight multiplied by the amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic 
acid polymer is 1 ,500,000 to 2,600,000 (inclusive); 

(21 ) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 1 00,000 
and [2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 20 to about 1000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 
(inclusive); 

(22) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 1 00,000 
and [2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 40 to about 1000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 
(inclusive); 
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(23) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 60,000 
and [2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 20 to about 1 000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 

5 (inclusive); 

(24) a lactic acid-glycolic acid polymer [1] whose weight average molecular weight is about 3,000 to about 60,000 
and [2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 40 to about 1 000 umol and [3] whose weight average molecular weight multiplied by the amount (pmol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 

10 (inclusive); 

(25) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 3,000 to about 50,000 
and [2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 20 to about 1000 fimol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 

15 (inclusive); 

(26) a lactic acid-glycolic acid polymer [1] whose weight average molecular weight is about 3,000 to about 50,000 
and [2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 40 to about 1000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 

20 (inclusive); 

(27) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 20,000 to about 50,000 
and [2] whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 20 to about 1000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 

25 (inclusive); and, 

(28) a lactic acid-glycolic acid polymer [1 ] whose weight average molecular weight is about 20,000 to about 50,000 
and |2| whose amount (umol) of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer 
is about 40 to about 1000 umol and [3] whose weight average molecular weight multiplied by the amount (umol) 
of the terminal carboxyl group per unit mass (g) of the lactic acid-glycolic acid polymer is 1 ,500,000 to 2,600,000 

30 (inclusive). 

[0035] A weight average molecular weight, a number average molecular weight and a polydispersity mean a molec- 
ular weight as polystyrene determined by a gel permeation chromatography (GPC) using as standards 15 monodis- 
perse polystyrenes whose weight average molecular weights are 1 : 11 0,000, 707,000, 455,645, 354, 000, 189, 000, 
35 1 56.055. 98. 900, 66, 437, 37, 200, 1 7, 1 00, 9,830, 5,870, 2,500, 1 ,303 and 504 and a polydispersity calculated there- 
from. The determination is performed using a high speed GPC instrument (TOSO, HLC-8120GPC, detection by differ- 
ential refractive index) together with a GPC column KF804Lx2 (SHOWA DENKO) and chloroform as a mobile phase. 
The flow rate is 1 ml/min. 

[0036] An amount of a free carboxyl group mentioned here means an amount determined by a labeling method 
40 (hereinafter referred to as a labeling method-based carboxyl group level). Typically, in the case of a poiylactic acid, W 
mg of the poiylactic acid is dissolved in 2 ml of a mixture of 5N hydrochloric acid/acetonitrile (v/v=4/96) and combined 
with 2 ml of a 0.01 M solution of o-nitrophenylhydrazine hydrochloride (ONPH) (5N hydrochloric acid/acetonitrile/eth- 
anol=1. 02/35/1 5) and 2 ml of a 0.1 5M solution of 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (pyri- 
dine/ethanol=4v/96v), and after allowing the mixture to react at 40°C for 30 minutes and then the solvent is distilled 
45 off. The residue is washed with water (4 times), dissolved in 2 ml of acetonitrile, combined with 1 ml of a 0.5 mol/L 
ethanolic solution of potassium hydroxide, and allowed to react at 60°C for 30 minutes. The reaction mixture is diluted 
with a 1 .5 N aqueous solution of sodium hydroxide to make Y ml, which is examined for the absorbance at 544 nm A 
(/cm) using a 1.5 N aqueous solution of sodium hydroxide as a reference standard. On the other hand, a n aqueous 
solution of DL-lactic acid is used as a standard to examine for its free carboxyl group C mol/L by means of an alkali 
50 titration, and subjected to an ONPH labeling method to convert into DL-lactic acid hydrazide, which is then examined 
for the absorbance at 544 nm B(/cm), based on which the molar amount of the free carboxyl group per unit mass )g) 
of the polymer is calculated in accordance with the following equation. 

[COOH]-(mol/g)=(AYC)/(WB) 

55 

[0037] This "amount of the carboxyl group" can be obtained also by dissolving a lactic acid-glycolic acid polymer in 
a solvent mixture oftoluene-acetone-methanol and titrating the resultant solution for the carboxyl group with an alcoholic 
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solution of potassium hydroxide using phenolphthalein as an indicator (hereinafter a value obtained by this method is 
referred to as "alkali titration-based carboxyl group level"). 

[0038] Since the rate at which a lactic acid-glycolic acid polymer is degraded and disappears is reduced usually at 
a reduced ratio of glycolic acid although it may vary greatly depending on the copolymer composition, the molecular 
weight or the free carboxyl group level, it is possible to prolong the release duration by means of reducing the glycolic 
acid ratio or increasing the molecular weight simultaneously with reducing the free carboxyl group level. 
[0039] Such "lactic acid-glycolic acid polymer" can be produced for example by a non-catalytic dehydrative conden- 
sation polymerization (J P-A-6 1-28521) from lactic acid and glycolic acid or by a ring-opening polymerization from cyclic 
diester compounds such as lactides and glycolides (Encyclopedic Handbook of Biomaterials and Bioengineering Part 
A:Materials, Volume 2, Marcel Dekker, Inc. 1 995). While a polymer obtained by the known ring-opening polymerization 
described above may sometimes be a polymer having no free carboxyl group at its terminal, such polymer can be 
converted into a polymer having a certain amount of the carboxyl group per unit mass for example by means of hy- 
drolysis described in EP-A-0839525 prior to its use. 

[0040] "Lactic acid-glycolic acid polymer having a terminal free carboxyl group" can readily be produced by a known 
method (for example, a non-catalytic dehydrative condensation polymerization, J P-A-6 1 -28521) or by the following 
methods. 

(1) First, a cyclic ester compound is subjected to a polymerization using a polymerization catalyst in the presence of 
a carboxyl-protected hydroxymonocarboxylic acid derivative (e.g. t-butyl D-lactate, benzyl L-lactate) or a carboxyl- 
protected hydroxydicarboxylic acid derivative (e.g., dibenzyl tartronate, di-t-butyl dihydroxyethylmalonate). 
[0041 ] "Carboxyl-protected hydroxymonocarboxylic acid derivative" or "carboxyl-protected hydroxydicarboxylic acid 
derivative" mentioned above may for example be a hydroxycarboxylic acid derivative whose carboxyl group (-COOH) 
is amidated (-CONH 2 ) or esterified (-COOR), with a hydroxycarboxylic acid derivative whose carboxyl group (-COOH) 
is esterified (-COOR) being preferred. 

[0042] R in an ester mentioned here may for example be a C,. 6 alkyl group such as methyl, ethyl, n-propyl, isopropyl, 
n-butyl and t-butyl, a C 3 . 8 cycloalkyl group such as cyclopentyl and cyclohexyl, a C 6 . 12 aryl group such as phenyl and 
a-naphthyl, a C 7 . 14 aralkyl group including a phenyl-C^ alkyl group such as benzyl and phenethyl or an a-naphthyl-C^ 
alkyl group such as a-naphthylmethyl. Among those listed above, a t-butyl group and a benzyl group are preferred. 
[0043] "Cyclic ester compound" mentioned above may for example be a cyclic compound having at least one ester 
bond within the ring. Those which are exemplified typically are a cyclic monoester compound (lactone) and a cyclic 
diester compound (Iactide), 

[0044] "Cyclic monoester compound" mentioned above may for example be a 4-membered cyclic lactone (p-propi- 
olactone, p-butyro lactone, p-isovalerolactone, p-caprolactone, p-isocaprolactone, (3-methyl-p-valerolactone and the 
like), a 5-membered cyclic lactone (y-butyrolactone, y-valero lactone and the like), a 6-membered cyclic lactone (5- 
valerolactone and the like), a 7-membered cyclic lactone (e-capro lactone and the like), p-dioxanone, 1 ,5-dioxepan- 
2-one and the like. 

[0045] "Cyclic diester compound" mentioned above may for example be a compound represented by Formula: 



wherein R 1 and R 2 are the same or different and each denotes a hydrogen atom or a C^ alkyl group such as methyl, 
ethyl, n-propyl, isopropyl, n-butyl and t-butyl), and a Iactide wherein R 1 is a hydrogen atom and R 2 is a methyl group 
or each of R 1 and R 2 is a hydrogen atom. 

[0046] Those exemplified typically are glycolide, L-lactide, D-lactide, DL-lactide, meso-lactide, 3-methyl-1 ,4-dioxane- 
2,5-dione (including optical isomers) and the like. 

[0047] "Polymerization catalyst" mentioned above may for example be an organic tin-based catalyst (e.g., tin octylate, 
di-n-butyltin dilaurate, tetraphenyltin), an aluminum-based catalyst (e.g., triethylaluminum) and a zinc-based catalyst 
(e.g., diethylzinc). 

[0048] Aluminum-based and zinc-based catalysts are preferred for the purpose of removing a solvent easily after a 
reaction, while a zinc-based catalyst is preferred for the purpose of ensuring the safety of residual catalyst if any 
[0049] A solvent for a polymerization catalyst is benzene, hexane, toluene and the like, with hexane and toluene 
being preferred especially. 
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[0050] "Polymerization method" may be a bulk polymerization in which a reactant is used as being melted or a solution 
polymerization in which a reactant is employed as being dissolved in a suitable solvent (for example, benzene, toluene, 
xylene, decalin, and dimethylformamide). A preferred solvent is toluene, xylene and the like. While the polymerization 
temperature is not limited particularly, a bulk polymerization may employ a temperature capable of melting a reactant 

5 at the initiation of the reaction or higher, usually 100 to 300°C, and a solution polymerization usually employs room 
temperature to 150°C with using a condenser for reflux or a pressure-resistant reactor when the reaction temperature 
exceeds the boiling point of the reaction solution. While the polymerization time period may vary depending on the 
polymerization temperature, other reaction conditions and intended polymer characteristics, it may for example be 1 0 
minutes to 72 hours. After the reaction, the reaction mixture is dissolved in a suitable solvent (for example, acetone, 

10 dichtoromethane, chloroform), combined with an acid (for example, hydrochloric acid, acetic anhydride, trifluoroacetic 
acid) to terminate the polymerization, and then precipitated for example by mixing with a solvent which does not dissolve 
an intended product (for example, alcohol, water, ether, isopropyl ether) in accordance with a standard method, whereby 
isolating a lactic acid-glycolic acid polymer having a protected carboxyl group at its co-terminal. 
[0051] A polymerization method according to the invention employs a carboxyl-protected hydroxycarboxylic acid 

15 derivative (e.g., t-butyl D-lactate, benzyl L-lactate) or a carboxyl-protected hydroxydicarboxylic acid derivative (e.g., 
dibenzyl tartronate, di-t-butyl dihydroxyethylmalonate) instead of a protonic chain transfer agent such as methanol 
employed conventionally. 

[0052] By using such carboxyl-protected hydroxycarboxylic acid derivative (e.g., t-butyl D-lactate, benzyl L-lactate) 
or carboxyl-protected hydroxydicarboxylic acid derivative (e.g., dibenzyl tartronate, di-t-butyl dihydroxyethylmalonate) 
20 as a protonic chain transfer agent, [1 1 it is possible to control the molecular weight on the basis of the input composition, 
and [2] a deprotection after the polymerization serves to make the carboxyl group free at the co-terminal of the resultant 
lactic acid-glycolic acid polymer. 

(2) Subsequently, a lactic acid-glycolic acid polymer having a protected carboxyl group at its to-terminal obtained by 
the polymerization in above-mentioned (1 ) is deprotected to obtain an intended lactic acid-glycolic acid polymer having 
25 a free carboxyl group at its co-terminal. 

[0053] A protecting group can be deprotected by a method known per se. While the method may be any method as 
long as it can remove the protective group without affecting the ester bond of a poly (hydroxycarboxylic acid) adversely, 
it may typically be a reduction, an acid decomposition and the like. 

[0054] A reduction method may for example be a catalytic hydrogenation using a catalyst (e.g., palladium on carbon, 
30 palladium black, platinum oxide), a reduction with sodium in a liquid ammonium and a reduction with dithiothreitol. In 
the case for example that a polymer having a carboxyl group protected by a benzyl group at its co-terminal is hydro- 
genated catalytically, the polymer dissolved typically in ethyl acetate, dichloromethan, chloroform and the like is com- 
bined with a palladium on carbon, bubbled with hydrogen with stirring vigorously at room temperature for about 20 
minutes to about 4 hours, whereby accomplishing deprotection. 
35 [0055] An acid decomposition may for example be an acid decomposition using an inorganic acid (e.g., hydrogen 
fluoride, hydrogen bromide, hydrogen chloride) or an organic acid (e.g., trifluoroacetic acid, methanesulfonic acid, 
trifluoromethanesulfonic acid) as well as a mixture thereof. If necessary, the acid decomposition may be performed in 
the presence of a cation scavenger (e.g., anisol, phenol, thioanisol). In the case for example that a polymer having a 
carboxyl group protected by a t-butyl group at itso>-terminal is subjected to an acid decomposition, the polymer dissolved 
40 typically in dichloromethane, xylene, toluene and the like is combined with trifluoroacetic acid in an appropriate amount 
or the polymer is dissolved in trifluoroacetic acid, and then the mixture is stirred at room temperature for about 1 hour, 
whereby accomplishing deprotection. 

[0056] Preferably, an acid decomposition may also be conducted immediately after a polymerization reaction, and 
in such case it serves also as a polymerization termination reaction. 
45 [0057] Also it necessary, a lactic acid-glycolic acid polymer obtained by a deprotection described above can be 
subjected to an acid hydrolysis to adjust the weight average molecular weight, the number average molecular weight 
or the terminal carboxyl group level as intended. Typically, a method described in EP-A-0839525 or a method in ac- 
cordance therewith may be employed. 

[0058] A lactic acid-glycolic acid polymer obtained as described above can be used as a base for producing a sus- 
50 tained release formulation. 

[0059] A polymer having a non-specific free carboxyl group at Its terminal can be produced by a known method (for 
example, see W094/15587). 

[0060] Furthermore, a lactic acid-glycolic acid polymer whose terminal has been converted into a free carboxyl group 
by means of a chemical treatment after a ring-opening polymerization is available commercially for example from 
55 Boehringer Ingelheim KG. 

[0061] A lactic acid-glycolic acid polymer may be present as a salt (such as those listed above), which can be pro- 
duced for example by (a) a method in which a lactic acid-glycolic acid polymer having a carboxyl group described 
above dissolved in an organic solvent is combined with an aqueous solution containing an inorganic base (e.g., an 
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alkaline metal such as sodium and potassium, an alkaline earth metal such as calcium and magnesium) or with an 
organic base (e.g., an organic amine such as triethylamine, a basic amino acid such as arginine) to effect an ion 
exchanging reaction, followed by an isolation of the polymer as a salt, (b) a method in which a weak acid salt of a base 
listed in above-mentioned (a) (for example : acetate and glycolate) is dissolved in a solution of a lactic acid-glycolic 
acid polymer having a carboxyl group described above in an organic solvent and then the lactic acid-glycolic acid 
polymer in the form of a salt is isolated, (c) a method in which a lactic acid-glycolic acid polymer having a carboxyl 
group described above dissolved in an organic solvent is combined with a weak acid salt (for example, acetate and 
glycolate) or an oxide of a transition metal (e.g., zinc, iron, copper) and then the lactic acid-glycolic acid polymer in the 
form of a salt is isolated. 

[0062] While the weight ratio of a pharmacologically active substance in a composition of the invention may vary 
depending on the type of the pharmacologically active substance, the pharmacological effects desired and the duration 
thereof, it is about 0.001 to about 50 % by weight, preferably about 0.02 to about 40 % by weight, more preferably 
about 0.1 to about 30 % by weight, most preferably 1 2 to 24 % by weight in the case of a physiologically active peptide 
or its salt based on the total amount of the physiologically active substance or its salt, a hydroxynaphthoic acid or its 
salt and a lactic acid-glycolic acid polymer or its salt when latter three components are contained in a sustained release 
composition, and about 0.01 to about 80 % by weight, preferably about 0.1 to about 50 % by weight in the case of a 
non-peptide physiologically active substance or its salt. Similar ranges of the weight ratio are applicable even when a 
physiologically active substance and a hydroxynaphthoic acid are contained. In the case of a sustained release com- 
position comprising a salt of a physiologically active peptide (designated here as (A)) with a hydroxynaphthoic acid 
(designated here as (B)), the weight ratio of (A) based on the total amount of (A) + (B) is usually about 5 to about 90 
% by weight, preferably about 1 0 to about 85 % by weight, more preferably about 1 5 to about 80 % by weight, especially 
about 30 to about 80 % by weight. 

[0063] In the case of a sustained release composition containing three components, namely, a physiologically active 
substance or its salt, a hydroxynaphthoic acid or its salt and a lactic acid-glycolic acid polymer or its salt, the amount 
of the hydroxynaphthoic acid or its salt per 1 mole of the physiologically active substance or its salt is about 1/2 to 
about 2 moles, preferably about 3/4 to about 4/3 moles, especially about 4/5 to about 6/5 moles. 
[0064] A procedure for designing a composition of the invention is discussed below with referring to a sustained 
release composition containing three components, namely, a physiologically active substance, a hydroxynaphthoic 
acid and a lactic acid-glycolic acid polymer in which the physiologically active substance is a basic substance. In this 
case, the. composition contains the physiological active substance as a base and the hydroxynaphthoic acid as an 
acid, each of which establishes its dissociation equilibrium in a hydrated state or in the presence of a trace amount of 
water at any time point during the production of the composition in any case that it is incorporated as a free form or a 
salt into the composition. Since a salt which a slightly water-soluble hydroxynaphthoic acid forms together with a phys- 
iologically^active substance is considered to be slightly water-soluble although the solubility may vary depending on 
the physiologically active substance employed : the dissociation equilibrium serves favorably for the formation of such 
slightly water-soluble salt. 

[0065] In order to produce a composition containing a basic physiologically active substance at a high concentration, 
it is preferable in view of the dissociation equilibrium discussed above to protonate almost all of the physiologically 
active substance to form a slightly water-soluble salt described above. For this purpose, it is preferable that a hydrox- 
ynaphthoic acid or its salt in an amount at least almost equivalent to the physiologically active substance or its salt is 
incorporated. 

[0066] The mechanism by which a physiologically active substance contained in a composition is released sustain - 
edly is then discussed below. The physiologically active substance has mostly been protonated and exists together 
with an accompanying counter ion in the composition described above. The counter ion is mainly a hydroxynaphthoic 
acid. After an administration of the composition to a living body, the lactic acid-glycolic acid polymer undergoes a 
degradation to form its oligomers and monomers, and each of the resultant oligomers (lactic acid-glycolic acid oligom- 
ers) and monomers (lactic acid or glycolic acid) surely has one carboxyl group, which can also serves as a counter ion 
for the physiologically active substance. While the physiologically active substance is released in a manner involving 
no transfer of an electric charge, i.e., it is released as a salt accompanied with a counter ion, transferable counter ion 
species may for example be hydroxynaphthoic acids, lactic acid-glycolic acid oligomers (having transferable molecular 
weights) and monomers (lactic acid or glycolic acid). 

[0067] When two or more acids are present simultaneously, a salt with a strong acid is formed predominantly in 
general, although the predominance may vary depending on the ratio. With regard to the pKa of a hydroxynaphthoic 
acid, the pKa for example of 3-hydroxy-2-naphthoic acid is 2.708 (KAGAKUBINRAN, II, NIPPON KAGAKUKAI, Pub- 
lished on September 25, 1 969). On the other hand, the pKa of the carboxyl group of a lactic acid-glycolic acid oligomer 
is not known, but it can be calculated from the pKa of lactic acid or glycolic acid (=3.86 or 3.83) in accordance with the 
principle that "the change in the free energy by the introduction of a substituent can be subjected to an approximation 
on the basis of addition rule". The contribution of a substituent to a dissociation constant was determined and can be 
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utilized (Table 4.1, "pKa Prediction for Organic Acid and Bases", D.D.Perrin, B.Dempsey and E.P.Sergeant, 1981). 
The pKas of a hydroxyl group and an ester bond are represented as follows: 

ApKa(OH)=-0.90 



ApKa(ester bond)=-1 .7. 

10 [0068] Accordingly, the pKa of a carboxyl group in a lactic acid-glycolic acid oligomer, when taking the contribution 
of an ester bond which is closest to the dissociated group into consideration, is represented as follows: 

pKa=pKa(lactic acid or glycolic acid)-ApKa(OH)+ApKa(ester bond)=3.06 or 3.03. Accordingly, a hydroxynaphthoic 
acid is an acid which is stronger than lactic acid (pKa=3.86), glycolic acid (pKa=3.83) and the lactic acid-glycolic 
15 acid oligomer (pLa=3.83), and thus it is possible that the salt of the hydroxynaphthoic acid and the physiologically 

active substance is formed predominantly in the composition described above and that the characteristics of the 
salt predominantly determines the sustained release profile of the physiologically active substance from the com- 
position. A physiologically active substance employed here may for example be a physiologically active substance 
mentioned above. 

20 

[0069] In this context, the fact that the salt formed from the hydroxynaphthoic acid with the physiologically active 
substance is slightly water-soluble rather than water-insoluble serves favorably for the sustained release mechanism. 
Thus, since a predominant existence of a salt of the hydroxynaphthoic acid which is stronger than the lactic acid- 
glycolic acid oligomer and the monomers among transferable physiologically active substance salts at an early stage 

25 of the release as evident from the discussion on the acid dissociation constant described above allows the solubility 
and the tissue distribution performance of the salt to be determinant factors of a release rate of the physiologically 
active substance, the initial release pattern of the substance can be adjusted on the basis of the amount of the hydrox- 
ynaphthoic acid to be added. Subsequently, a decrease in the hydroxynaphthoic acid and an increase in the oligomers 
and the monomers formed as a result of the hydrolysis of the lactic acid-glycolic acid polymer leads to a gradual 

30 predominance of the release mechanism of the physiologically active substance whose counter ions are the oligomers 
and the monomers, whereby maintaining a stable release of the physiologically active substance even after the hy- 
droxynaphthoic acid is depleted substantially from "composition" described above. An increased efficiency in incorpo- 
rating the physiologically active substance during the manufacturing process of the sustained release composition and 
an ability of suppressing an initial excessive release after an administration of the physiologically active substance 

35 incorporated can similarly be explained. 

[0070] Also explained similarly by the mechanism described above is a role of a hydroxynaphthoic acid in a sustained 
release composition containing a hydroxynaphthoate of a physiologically active peptide. 

[0071] The term "water-insoluble" used here means that the mass of a substance dissolved in 1 L of a solution after 
stirring said substance at a temperature of 40°C or lower in distilled water for 4 hours is 25 mg or less. 
40 [0072] The term "slightly water-insoluble" used herein means that the mass described above is greater than 25 mg 
and not greater than 5 g. When the relevant substance is a salt of a physiologically active substance, then the mass 
of the physiologically active substance dissolved in the procedure described above is subjected to the definition de- 
scribed above. 

[0073] While the morphology of a sustained release composition in the invention is not limited particularly, it is pref- 
45 erably a microparticle, especially a microsphere (also referred to as a microcapsule in the case of a sustained release 
composition containing a lactic acid-glycolic acid polymer). A microsphere mentioned here means an injectable spher- 
ical microparticle capable of being dispersed in a solution. The morphology can be verified for example by an obser- 
vation using a scanning electron microscope. 

[0074] A method for producing a an inventive sustained release composition comprising a pharmacologically active 
50 substance or its salt, a hydroxynaphthoic acid or its salt and a lactic acid-glycolic acid polymer or its salt is described 
below with exemplifying a microcapsule. 

(I) In-water drying method 

55 (i) o/W method 

[0075] In this method, a solution of a hydroxynaphthoic acid or its salt and a lactic acid-glycolic acid polymer or its 
salt in an organic solvent is prepared first. An organic solvent used for producing an inventive sustained release for- 
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mulation preferably has a melting point of 120°C or lower. 

[0076] Such organic solvent may for example be a halogenated hydrocarbon (e.g., dichloromethane, chloroform, 
dichloroethane, trichloroethane, carbon tetrachloride), an ether (e.g., ethyl ether, isopropyl ether), a fatty acid ester (e. 
g. t ethyl acetate, butyl acetate), an aromatic hydrocarbon (e.g., benzene, toluene, xylene), an alcohol (e.g., ethanol, 
methanol) as well as acetonitrile. As an organic solvent for a lactic acid-glycolic acid polymer or its salt, dichloromethane 
is especially preferred. 

[0077] As an organic solvent for the hydroxynaphthoic acid or its salt, an alcohol or a mixture of an alcohol and a 
halogenated hydrocarbon is especially preferred. 

[0078] The hydroxynaphthoic acid or its salt and the lactic acid-glycolic acid polymer or its salt may be dissolved 
separately and then mixed with each other, or the both may be dissolved in an organic solvent mixture at a certain 
ratio. Among the solvents, a mixture of a halogenated hydrocarbon and an alcohol is employed preferably, with a 
mixture of dichloromethane and ethanol being preferred particularly. 

[0079] The ethanol content in an organic solvent mixture of dichloromethane and ethanol when using ethanol as an 
organic solvent to be mixed with dichloromethane is usually about 0.01 to about 50 % (v/v), more preferably about 
0.05 to about 40 % (v/v), especially about 0.1 to about 30 % (v/v). 

[0080] While the concentration of the lactic acid-glycolic acid polymer in an organic solvent solution may vary de- 
pending on the molecular weight of the lactic acid-glycolic acid polymer and the type of the organic solvent, it is usually 
about 0.5 to about 70 % by weight, more preferably about 1 to about 60 % by weight, especially about 2 to about 50 
% by weight, when using dichloromethane as an organic solvent. 

[0081] The concentration of the hydroxynaphthoic acid or its salt in an organic solvent, when using a mixture of 
dichloromethane and ethanol as an organic solvent, is usually about 0.01 to about 10 % by weight, more preferably 
about 0.1 to about 5 % by weight, especially about 0.5 to about 3 % by weight. 

[0082] To the solution of the hydroxynaphthoic acid or its salt and the lactic acid-glycolic acid polymer thus obtained, 
a pharmacologically active substance or its salt is added and dissolved or dispersed. Then, the resultant organic solvent 
solution containing a composition consisting of the pharmacologically active substance or its salt, the hydroxynaphthoic 
acid or its salt and the lactic acid-glycolic acid polymer is added to an aqueous phase to form an O(oil phase)/W 
(aqueous phase) emulsion, and then the solvent in the oil phase is evaporated or dispersed in the aqueous- phase, 
whereby preparing a microcapsule. The volume of this aqueous phase is usually about 1 to about 10,000 times, more 
preferably about 5 to about 50,000 times, especially about 1 0 to about 2,000 times the volume of the oil phase. 
[0083] The outer aqueous phase described above may contain an emulsifier. Such emulsifier may usually be any 
emulsifiercapable of forming a stable O/W emulsion. One employed typically is an anionic surfactant (sodium oleate, 
sodium stearate, sodium laurylsulfate and the like), a nonionic surfactant (polyoxyethylene sorbitan fatty acid ester 
[Tween 80, Tween 60, available from "ATR AS POWDER"], a polyoxyethylene castor oil derivative [HCO-60, HCO-50, 
availablelrom "NIKKO CHEMICALS"]), polyvinylpyrrolidone, polyvinyl alcohol, carboxymethyl cellulose, lecithin, gel- 
atin, hyaluronic acid and the like. Any of those listed above may be employed alone or in combination with each other. 
The concentration is preferably about 0.0001 to about 10 % by weight, more preferably about 0.001 to about 5 % by 
weight. 

[0084] To the outer aqueous phase, an osmotic agent may be added. This osmotic agent may be any substance 
giving an osmotic pressure in an aqueous solution thereof. 

[0085] Such osmotic agent may for example be polyhydric alcohol, monohydric alcohol, monosaccharide, disaccha- 
ride, oligosaccharide, amino acid as well as derivatives thereof. 

[0086] A polyhydric alcohol mentioned above may for example be a trihydric alcohol such as glycerin, a pentahydric 
alcohol such as arabitol, xylitol and adonitol, a hexahydric alcohol such as mannitol, sorbitol and dulcitol. Among those 
listed above, a hexahydric alcohol is preferred: with mannitol being especially preferred. 

[0087] A monohydric alcohol mentioned above may for example be methanol, ethanol and isopropyl alcohol, with 
ethanol being preferred. 

[0088] A monosaccharide mentioned above may for example be a pentose such as arabinose, xylose, ribose and 
2-deoxyribose, a hexose such as glucose, fructose, galactose, mannose, sorbose, rhamnose and f ucose, with a hexose 
being preferred. 

[0089] An oligosaccharide mentioned above may for example be a trisaccharide such as mattotriose and raffinose 
and a tetrasaccharide such as stachyose, with a trisaccharide being preferred. 

[0090] A derivatives of a monosaccharide, a disaccharide and an oligosaccharide described above may for example 
be glucosamine, galactosamine, glucuronic acid and galacturonic acid. 

[0091] An amino acid mentioned above may be any L-amino acid, such as glycine, leucine and arginine. L-Arginine 
is preferred. 

[0092] Any of these osmotic agents may be employed alone or in combination with each other. 

[0093] Any of these osmotic agents is used at a concentration giving the osmotic pressure of the outer aqueous 

phase which is about 1/50 to about 5 times, preferably about 1/25 to about 3 times the osmotic pressure of physiological 
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saline. 

[0094] A method for removing an organic solvent may be any method known per se or a method in accordance 
therewith. For example, the organic solvent is evaporated at atmospheric pressure or under incrementally reduced 
pressure with stirring using a propeller stirrer, a magnetic stirrer or a ultrasonicating machine, or evaporated with ad- 

5 justing the vacuum level using a rotary evaporator, or evaporated gradually using a dialyzing membrane. 

[0095] A microcapsule thus obtained is isolated using a centrifugation or a filtration, and any free forms of the phys- 
iologically active substance or its sail, the hydroxynaphthoic acid or its sail, a vehicle, an emulsifier and the like de- 
posited on the surface of the microcapsule are washed off several times with distilled water, and then dispersed again 
in distilled water and lyophilized. 

10 [0096] During a manufacturing process, an anti-aggregating agent may be added in order to prevent the aggregation 
between particles. Such anti-aggregating agent may for example be a water-soluble polysaccharide such as mannitol, 
lactose, glucose and starches (such as corn starch), an amino acid such as glycine, a protein such as fibrin and collagen. 
Among these, mannitol is employed preferably. 

[0097] After a lyophilization , water and the organic solvent contained in the microcapsule can be removed if necessary 
15 under reduced pressure by warming while avoiding the fusion between the microcapsules. Preferably, the warming is 
accomplished at a temperature which is higher slightly than the intermediate glass transition point of a lactic acid- 
glycolic acid polymer determined by a differential scanning calorimeter with raising the temperature by 1 0 to 20°C per 
minutes. The intermediate glass transition point of a lactic acid-glycolic acid polymer to a temperature higher by about 
30°C than this temperature is the range of the temperature at which the warming is accomplished more preferably. 
20 Preferably, the warming is accomplished at a temperature within the range from the intermediate glass transition point 
of a lactic acid-glycolic acid polymer to a temperature which is higher than the intermediate glass transition point by 
10°C, more preferably at a temperature within the range from the intermediate glass transition point to a temperature 
which is higher than the intermediate glass transition point by 5°C. 

[0098] While the time period of the warming may vary depending on the amount of a microcapsule and the like, it is 
25 usually about 12 hours to about 168 hours, preferably about 24 hours to about 120 hours, especially about 48 hours 

to about 96 hours after the temperature of the microcapsule itself reached a certain temperature. 

[0099] A method for warming is not limited particularly, as long as it enables a uniform warming of a microcapsule bulk. 

[0100] Such warming method may for example be a method for warming and drying in a thermostat chamber, a 

fluidized tank, a mobile tank or a kiln, or a method for warming and drying with a microwave. Among these methods, 
30 a method for warming and drying in a thermostat chamber is preferred. 

(ii) W/O/W method (1) 

[0101] First, a solution of a lactic acid-glycolic acid polymer or its salt in an organic solvent is preferred. The organic 
35 solvent and the concentration of the lactic acid-glycolic acid polymer or its salt in the organic solvent are similar to 
those described in the above-mentioned (l)(l). When an organic solvent mixture is employed, the ratio is also similar 
to that described in the above-mentioned (l)(i). 

[0102] To a solution of the lactic acid-glycolic acid polymer or its salt in an organic solvent thus obtained, a physio- 
logically active substance or its salt is added and dissolved or dispersed. Then the resultant organic solvent solution 

40 (oil phase) containing a composition consisting of the physiologically active substance or its salt and the lactic acid- 
glycolic acid polymer or its salt is combined with a solution of a hydroxynaphthoic acid or its salt [in the solvent such 
as water, an aqueous solvent such as an alcohol (e.g., methanol, ethanol), an aqueous solution of pyridine, an aqueous 
solution of dimethylacetoamide]. The mixture is emulsified by a known method for example using a homogenizer or a 
ultrasonication to form a W/O emulsion. 

45 [0103] Then the resultant W/O emulsion consisting of the physiologically active substance or its salt, the hydroxy- 
naphthoic acid or its salt and the lactic acid-glycolic acid polymer or its salt is added to an aqueous phase to form a W 
(inner aqueous phase)/0(oil phase)/W(outer aqueous phase) emulsion, and then the solvent in the oil phase is evap- 
orated to prepare a microcapsule. The volume of this outer aqueous phase is usually about 1 to about 10,000 times, 
more preferably about 5 to about 5,000 times, especially about 10 to about 2 : 000 times the volume of the oil phase. 

50 [0104] An emulsifier and an osmotic agent which may be added to an outer aqueous phase described above and 
the subsequent preparation are similar to those described in the above-mentioned (I) (i). 

(iii) W/O/W method (2) 

55 [0105] First, a solution of a hydroxynaphthoic acid or its salt and a lactic acid-glycolic acid polymer or its salt in an 
organic solvent is prepared, and the resultant organic solvent solution is referred to as an oil phase. This production 
method is similar to that described in the above-mentioned (l)(i). Alternatively, the hydroxynaphthoic acid or its salt 
and the lactic acid-glycolic acid polymer or its salt may be formulated separately into organic solvent solutions, and 



14 



EP1 197 208 A1 



thereafter the both are mixed. While the concentration of the lactic acid-glycolic acid polymer in an organic solvent 
solution may vary depending on the molecular weight of the lactic acid-glycolic acid polymer and the type of the organic 
solvent, it is usually about 0.5 to about 70 % by weight, more preferably about 1 to about 60 % by weight, especially 
about 2 to about 50 % by weight, when using dichloromethane as an organic solvent. 

[0106] Then a solution or a dispersion of a physiologically active substance or its salt [in the solvent such as water 
and a mixture of water and an alcohol (e.g., methanol, ethanol)] is prepared. 

[0107] The concentration at which the physiologically active solution or its salt is added is usually 0.001 mg/ml to 1 0 
g/ml, more preferably 0.1 mg/ml to 5 g/ml, particularly 10 mg/ml to 3 g/ml. 

[0108] Known solubilizer and stabilizer may be added. For dissolving or dispersing the physiologically active sub- 
stance and the additives, heating, shaking or stirring may be performed as long as the activity is not lost, and the 
resultant aqueous solution is referred to as an inner aqueous phase. 

[0109] The inner aqueous phase and the oil phase obtained as described above is emulsified by a known method 
for example using a homogenizer or a ultrasonication to form a W/O emulsion. 

[0110] The volume of the oil phase to be mixed is usually about 1 to about 1 ,000 times, more preferably about 2 to 
about 100 times, especially about 3 to about 10 times the volume of the inner water phase. 

[01 1 1 ] The resultant W/O emulsion is usually about 1 0 to about 1 0,000 cps, preferably about 1 00 to about 5,000 cps 
at about 12 to about 20°C. 

[0112] Then the resultant W/O emulsion consisting of the physiologically active substance or its salt, the hydroxy- 
naphthoic acid or its salt and the lactic acid-glycolic acid polymer or its salt is added to an aqueous phase to form a W 
(inner aqueous phase)/0(oil phase)/W(outer aqueous phase) emulsion, and then the solvent in the oil phase is evap- 
orated or diffused into the outer aqueous phase, whereby preparing a microcapsule. The volume of this outer aqueous 
phase is usually about 1 to about 10,000 times, more preferably about 5 to about 50,000times, especially about 1 0 to 
about 2,000 times the volume of the oil phase. 

[0113] An emulsifier and an osmotic agent which may be added to an outer aqueous phase described above and 
the subsequent preparation are similar to those described in the above-mentioned (I) (i). 

(II) Phase separation method 

[0114] When a microcapsule is prepared by this method, a coacervating agent is added portionwise with stirring to 
a solution of a composition consisting of a pharmacologically active substance or its salt, a hydroxynaphthoic acid or 
its salt and a lactic acid-glycolic acid polymer or its salt in an organic solvent described in the in-water drying method 
of the above-mentioned (I) to precipitate and solidify the microcapsule. Such coacervating agent is about 0.01 to about 
1 ,000 times, preferably about 0.05 to about 500 times, particularly about 0.1 to about 200 times the volume of the oil 
:phase. 

[0115] A coacervating agent is not particularly limited as long as it is a polymeric, mineral or vegetable compound 
miscible with an organic solvent and it does not allow a complex of a physiologically active substance or its salt with 
a hydroxynaphthoic acid or its salt and a lactic acid-glycolic acid polymer or its salt to be dissolved. Those exemplified 
typically are silicon oil, sesame oil, soybean oil, corn oil, cottonseed oil, coconut oil, linseed oil, mineral oils, n-hexane, 
n-heptane and the like. Any of these substance may be employed alone or in combination with each other. 
[01 16] The microcapsule thus obtained is isolated, washed repetitively for example with heptane to make the com- 
position consisting of the pharmacologically active substance or its salt, the hydroxynaphthoic acid or its salt and the 
lactic acid-glycolic acid polymer or its salt free of the coacervating agent and other material, and then dried under 
reduced pressure. Alternatively, the washing is performed by the method similar to that described in the in-water drying 
method in the above-mentioned (l)(i), and then a lyophilizaiton followed by a drying with warming is performed. 

(III) Spray-drying method 

[01 1 7] When a microcapsule is prepared by this method, a solution comprising a pharmacologically active substance 
or its salt, a hydroxynaphthoic acid or its salt and a lactic acid-glycolic acid polymer or its salt in an organic solvent 
described in the in-water drying method of the above-mentioned (I) is sprayed via a nozzle into a drying chamber of a 
spray drier, whereby evaporating the organic solvent in a microparticulate droplet within an extremely short period to 
prepare a microcapsule. Such nozzle may for example be a dual-fluid nozzle, a pressure nozzle, a rotating disc nozzle 
and the like. Subsequently, the washing is performed if necessary by the method similar to that described in the in- 
water drying method in the above-mentioned (I) and then a lyophilizaiton followed by a drying with warming is performed. 
[0118] A microcapsule dosage form other than the microcapsule described above can be prepared by subjecting a 
solution comprising a pharmacologically active substance or its salt, a hydroxynaphthoic acid or its salt and a lactic 
acid-glycolic acid polymer or its salt in an organic solvent described in the in-water drying method of the above-men- 
tioned microcapsule production method (I) for example to a rotary evaporator, where the organic solvent and water 
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are evaporated into dryness with controlling the vacuum level, followed by a pulverization using a jet mill and the like, 
whereby obtaining a fine powder (also referred to as a microp article). 

[0119] Thereafter, the pulverized fine powder may be washed by the method similar to that described in the in-water 
drying method in the above-mentioned microcapsule production method (I) and then a lyophilizaiton followed by a 
5 drying with wanning is performed. 

[0120] A microcapsule or a fine powder obtained here enables a medicament release corresponding to the degra- 
dation rate of a lactic acid-glycolic acid polymer employed. 

[0121] A sustained release composition according to the invention may be any dosage form such as a microsphere, 
a microcapsule, a fine powder (microparticle) and the like, it is preferably in the form of a microcapsule. 
10 [0122] A sustained release composition according to the invention can beformulated as it is or employed as a starting 
material to produce any of various dosage forms, such as an intramuscular, subcutaneous or tissue injection or im- 
plantation formulation, a nasal, rectal and intrauterine mucosal formulation, an oral formulation (e.g., solid dosage form 
such as capsule including hard and soft capsules, granule and powder, liquid formulation such as syrup, emulsion and 
suspension) and the like. 

15 [0123] When a sustained release composition according to the invention is formulated into an injection formulation, 
it is formulated into an aqueous suspension together with a dispersing agent (e.g., surfactant such as Tween 80 and 
HCO-60, polysaccharide such as sodium hyaluronate, carboxymethyl cellulose, sodium arginate and the like), a pre- 
servative (e.g., methylparaben, propylparaben), an isotonic agent (e.g., sodium chloride, mannitol, sorbitol, glucose, 
proline), or dispersed together with a vegetable oil such as sesame oil and corn oil to prepare an oily suspension, 

20 whereby obtaining a practically utilizable sustained release injection formulation. 

[0124] The particle size of a sustained release composition when employed as a suspension injection formulation 
becomes acceptable when it allows the dispersing performance and the passage through the syringe needle to be 
satisfactory, and the mean particle size may for example be about 0.1 to about 300 ujti, preferably about 0.5 to about 
150 ujti, more preferable about 1 to about 100 um 

25 [0125] An aseptic formulation of a sustained release composition according to the invention can be obtained for 
example by a method in which the entire manufacturing process is performed aseptically, a method utilizing a sterili- 
zation with a gamma ray or a method in which a preservative is added, although there is no particular limitation. 
[0126] Since a sustained release composition according to the invention has a low toxicity, it can be used as a safe 
pharmaceutical in a mammal (e.g., human, cattle, swine, dog, cat, mouse, rat, rabbit). 

30 [01 27] While the dose of a sustained release composition according to the invention may vary depending on the type 
and the content of a physiologically active substance as a main ingredient, the dosage form, the duration of the release 
of the pharmacologically active substance, the target disease and the target animal, it may be an effective amount of 
the pharmacologically active substance. A single dose of a pharmacologically active substance as a main ingredient, 
when the sustained release formulation is a 6-month formulation, is preferably about 0.01 mg to about 10 mg/kg body 

35 weight a day in an adult, more preferably about 0.05 mg to about 5 mg/kg body weight. 

[0128] The single dose of a sustained release composition is preferably about 0.05 mg to about 50 mg/kg body 
weight in an adult, more preferably about 0.1 mg to about 30 mg/kg body weight. 

[0129] The frequency of the administration may be once in several weeks, once a month or once in several months 
(e.g., 3, 4 or 6 months), depending on the type and the content of a physiologically active substance as a main ingredient, 

40 the dosage form, the duration of the release of the pharmacologically active substance. 

[0130] While a sustained release composition according to the invention can be used as a prophylactic and thera- 
peutic agent against various diseases depending on the type of the pharmacologically active substance contained 
therein, it, when containing an LH-RH derivative as a pharmacologically active substance, can be used as a prophylactic 
and therapeutic agent against a hormone-dependent disease, especially a sex hormone-dependent cancer (e.g. : pros- 

45 tate cancer, uterine cancer, mammary cancer, pituitary cancer and the like), a sex hormone-dependent disease such 
as prostate hyperplasia, endometriosis, hysterornyoma, precocious puberty, dysmenorrhea, amenorrhea, premen- 
strual syndrome, multilocular ovarian syndrome and the like, and useful as a contraceptive (or against infertility when 
utilizing a rebound effect after discontinuation). It is also useful for treating a benign or malignant tumor which is not 
sex hormone-dependent but is LH-RH sensitive. 

50 

EXAMPLES 

[0131] The present invention is further described with referring to the following Examples and Experiments, which 
are not intended to restrict the invention. 

55 

EXAMPLE 1 

[0132] A solution of 1 .2 g of the acetate of 5-oxo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH-C 2 H 5 (hereinafter ab- 
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breviated as Peptide A, Takeda Chemical Industries, Ltd.) dissolved in 1 .2 ml of distilled water was mixed with a solution 
of 4.62 g of a DL-lactic acid polymer (weight average molecular weight: 40,600, number average molecular weight: 
21,800, terminal carboxyl group level: 52.7 fimol/g) and 0.18 g of 1-hyroxy-2-naphthoic acid dissolved in a solvent 
mixture of 8.25ml of dichloromethane and 0.45 ml of ethanol, and emulsified using a homogenizer to form a W/O 

s emulsion. Then the W/O emulsion was poured into 1200 ml of a 0.1 % (w/w) aqueous solution of a polyvinyl alcohol 
(EG-40, Nippon Synthetic Chemical Industry Co., Ltd.) which had previously been kept at 15°C, and agitated using a 
lurbine homomixer at 7,000 rpm to form a WVO/W emulsion. This W/O/W emulsion was stirred at room temperature 
for 3 hours to allow dichloromethane and ethanol to be evaporated or diffused into the outer aqueous layer, and then 
the oil phase was solidified, sieved through a 75 urn mesh-sized sieve, centrifuged at 2000 rpm for 5 minutes (05PR- 

10 22, Hitachi, Ltd.) to precipitate a microcapsule, which was then recovered. The microcapsule was dispersed again in 
distilled water, centrifuged again, washed to remove free components and then recovered. To the recovered micro- 
capsule was added a small amount of distilled water to disperse again. 0.3 g of mannitol was dissolved therein and 
then the mixture was lyophilized to obtain a powder. The % recovery as mass of the microcapsule was 46.91 %, and 
the Peptide A content of the microcapsule was 1 8.7 % while the 1 -hydroxy-2-naphthoic acid content was 2.57 %. 

15 

EXAMPLE 2 

[01 33] A solution of 1 .2 g of the acetate of Peptide A dissolved in 1 .2 ml of distilled water was mixed with a solution 
of 4.62 g of a DL-lactic acid polymer (weight average molecular weight: 40,600, number average molecular weight: 
20 21.800. terminal carboxyl group level: 52.7 u.mol/g) and 0.18 g of 3-hyroxy-2-naphthoic acid dissolved in a solvent 
mixture of 7.5ml of dichloromethane and 0.45 ml of ethanol, and emulsified using a homogenizer to form a W/O emul- 
sion. Thereafter, the mixture was treated similarly to EXAMPLE 1 to obtain a microcapsule powder. The % recovery 
as mass of the microcapsule was 53.18 %, and the Peptide A content of the microcapsule was 17.58 % while the 
3-hydroxy-2-naphthoic acid content was 2.49 %. 

25 

EXPERIMENT 1 

[0134] About 45 mg of each microcapsule obtained in EXAMPLES 1 and 2 was dispersed in 0.3 ml of a dispersion 
medium (0. 1 5 mg of carboxymethyl cellulose, 0.3 mg of polysorbate 80, 15 mg of mannitol dissolved in distilled water) , 
30 and administered via a 22G injection needle subcutaneously to a dorsal area of a 7-week old male SD rat. After a 
predetermined period, the rat was sacrificed and the microcapsule remaining at the administration site was taken out, 
examined;for the Peptide A content, which was divided by the initial content to obtain a % residue, which is shown in 
Table 1 . 

35 Table 1 , 



40 



45 



% Residue, Peptide A 




Example 1 


Example 2 


1 Day 


92.9% 


93.7% 


2 Weeks 


74.6% 


78.8% 


4 Weeks 


56.0% 


58.0% 


8 Weeks 


31 .6% 


36.0% 


12 Weeks 


28.3% 


32.3% 


16 Weeks 


24.5% 


26.8% 


20 Weeks 


17.8% 


23.8% 


26 Weeks 


12.6% 


15.6% 



[0135] As evident from Table 1 , both of the microcapsule of EXAMPLE 1 containing 1 -hydroxy-2-naphthoic acid and 
50 the microcapsule of EXAMPLE 2 containing 3-hydroxy-2-naphthoic acid could contain the pharmaceutical^ active 
substance at high concentrations, and exhibited an extremely high suppressed effect on the initial excessive release 
of the physiologically active substance. Any of these microcapsules accomplished a sustained release of the physio- 
logically active substance at a constant rate over an extremely prolonged period. 

55 EXAMPLE 3 

[0136] A solution of 1 .2 g of the acetate of Peptide A dissolved in 1 .2 ml of distilled water was mixed with a solution 
of 4.62 g of a DL-lactic acid polymer (weight average molecular weight: 32,000, number average molecular weight: 
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17,800, terminal carboxyl group level: 72.1 u/nol/g) and 0.18 g of 3-hyroxy-2-naphthoic acid dissolved in a solvent 
mixture of 7.5ml of dichloromethane and 0 .45 m of ethanol, and emulsified using a homogenizer to form a W/O emulsion. 
Thereafter, the mixture was treated similarly to EXAMPLE 1 to obtain a microcapsule powder The % recovery as mass 
of the microcapsule was 51 .2 %, and the Peptide A content of the microcapsule was 1 8.05 % while the 3-hydroxy- 
5 2-naphthoic acid content was 2.42 %. 

EXPERIMENT 2 

[0137] About 250 mg of the microcapsule obtained in EXAMPLE 3 was dispersed in 1 .5 mi of a dispersion medium 
io (0.75 mg of carboxymethyl cellulose, 1 .5 mg of polysorbate 80, 75 mg of mannitol dissolved in distilled water), and 
administered via a 22G injection needle intramuscularly to a rump area of a beagle. One the other hand, about 125 
mg of this microcapsule was dispersed in 0.75 ml of a dispersion medium (0,375 mg of carboxymethyl cellulose, 0.75 
mg of polysorbate 80, 37.5 mg of mannitol dissolved in distilled water), and administered via a 22G injection needle 
subcutaneously to a rump area of a beagle. After a predetermined period, a blood was taken from a forearm vein and 
15 examined for the serum levels of Peptide A and testosterone, which are shown in Table 2. 



Table 2, 
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40 



50 



Intramuscular administration 




Peptide A (ng/ml) 


Testosterone (ng/ml) 


1 Day 


7.33 


5.31 


2 Weeks 


0.76 


0.46 


4 Weeks 


0.91 


0.58 


8 Weeks 


3.65 


0.25 or less 


12 Weeks 


1.56 


0.25 or less 


1 6 Weeks 


1.14 


0.25 or less 


20 Weeks 


0.59 


0.25 or less 


26 Weeks 


0.53 


0.25 or less 


28 Weeks 


0.48 


0.25 or less 


30 Weeks 


0.33 


0.26 


32 Weeks 


0.37 


0.79 


34 Weeks 


0.22 


1.41 


36 Weeks 


0.14 


0.94 




Subcutaneous administration 




Peptide A (ng/ml) 


Testosterone (ng/ml) 


1 Day 


17.61 


2.79 


2 Weeks 


0.99 


1.95 


4 Weeks 


0.62 


1.50 


8 Weeks 


0.76 


0.68 


12 Weeks 


1.77 


0.25 or less 


16 Weeks 


1.57 


0.25 or less 


20 Weeks 


1.23 


0.25 or less 


26 Weeks 


1.93 


0.33 


28 Weeks 


0.35 


1.59 


30 Weeks 


0.25 


2.00 



[01 38] As evident from Table 2, the blood level of the physiologically active substance was maintained over a period 
as long as about 26 weeks, during which the testosterone level as an index of the efficacy was kept at a normal level 
or lower, and then began to recover a normal level over a period of about 28 weeks to 34 weeks in response to the 
reduction in the blood level of the physiologically active substance. Even when a hydroxynaphthoic acid is contained 
in the formulation, the physiologically active substance was present stably in the microcapsule for a prolonged period 
without losing its activity whereby being released sustainedly. It became also evident that the stable efficacy was 
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exhibited regardless of the administration modes. 
EXAMPLE 4 

[0139] A solution of 86.2 g of a DL-lactic acid polymer (weight average molecular weight: 28,300, number average 
molecular weight: 14,700, labeling method-based carboxyl group level: 69.2 urn ol/g) dissolved in 67 g of dichlorometh- 
ane and 87.7 g of a solution obtained by dissolving 9 g of 3-hydroxy-2-naphthoic acid in 210 g of dichloromethane and 
16.2 g of ethanol were mixed and adjusted at 28.8°C. 219.2 g of this organic solvent solution was weighed and mixed 
with an aqueous solution of 20.4 g of the acetate of Peptide A dissolved in 1 8.8 g of distilled water kept at 54.8°C, and 
the mixture was stirred for 5 minutes to emulsify only crudely, and then emulsified using a homogenizer at 1 0,000 rpm 
for 5 minutes to form a WYO emulsion. Then this W/O emulsion was cooled to 12.7°C and the poured over a period of 
6 minutes and 11 seconds into 20 L of a 0.1 % (w/w) aqueous solution of a polyvinyl alcohol (EG-40, NIPPON SYN- 
THETIC CHEMICAL INDUSTRY CO., LTD.) which had previously been kept at 12.7°C, and agitated using HOMOMIC 
LINE FLOW (TOKUSHUKIKAl) at 9,000 rpm to form a W/O/W emulsion. This W/O/W emulsion was adjusted at 15°C 
for 30 minutes, and then stirred without adjusting the temperature for 2 hours and 30 minutes to allow dichloromethane 
and ethanol to be evaporated or diffused into the outer aqueous layer, and then the oil phase was solidified, sieved 
through a 75 u.m mesh-sized sieve, centrifuged at 2000 rpm continuously (H-600S, KOKUSANENSHINKI) to precipitate 
a microcapsule, which was then recovered. The recovered microcapsule was dispersed again in a small amount of 
distilled water, and sieved through a 90 u.m mesh-sized sieve. 12.3 g of mannitol was dissolved therein and then the 
mixture was lyophilized to obtain a powder. The yield as mass of the microcapsule was 84.4 g, which corresponded 
to the % recovery of 75.7 %, and the Peptide A content was 17.8 % while the 3-hydroxy-2-naphthoic acid content was 
2.5 %. 

EXAMPLE 5 

[0140] A solution of 1 07.8 g of a DL-lactic acid polymer (weight average molecular weight:27,700, number average 
molecularweight: 15,700, labeling method-based carboxyl group level :69.8 u,mol/g) dissolved in 83.9 g of dichlorometh- 
ane and 1 1 0 .2 g of a solution obtained by dissolving 7.5 g of 1 -hydroxy-2-naphthoic acid in 1 75.8 g of dichloromethane 
and 13.5 g of ethanol were mixed and adjusted at 28.2°C. 274.2 g of this organic solvent solution was weighed and 
mixed with an aqueous solution of 25.6 g of the acetate of Peptide A dissolved in 23.52 g of distilled water kept at 
52,4°C, and the mixture was stirred for 5 minutes to emulsify only crudely, and then emulsified using a homogenizer 
at 10,080 rpm for 5 minutes to form a W/O emulsion. Then this W/O emulsion was cooled to 12.5°C and the poured 
over a period of 3 minutes and 42 seconds into 25 L of a 0.1 % (w/w) aqueous solution of a polyvinyl alcohol (EG-40, 
NIPPON SYNTHETIC CHEMICAL INDUSTRY CO., LTD.) which had previously been kept at 13.1°C, and agitated 
using HOMOMIC LINE FLOW (TOKUSHUKIKAl) at 7,000 rpm to form a W/O/W emulsion. This W/O/W emulsion was 
adjusted at 1 5°C for 30 minutes, and then stirred without adjusting the temperature for 2 hours and 30 minutes to allow 
dichloromethane and ethanol to be evaporated or diffused into the outer aqueous layer, and then the oil phase was 
solidified, sieved through a 75 u,m mesh-sized sieve, centrifuged at 2000 rpm continuously (H-600S, KOKUSANEN- 
SHINKI) to precipitate a microcapsule, which was then recovered. The recovered microcapsule was dispersed again 
in a small amount of distilled water, and sieved through a 90 urn mesh-sized sieve. 15.4 g of mannitol was dissolved 
therein and then the mixture was lyophilized to obtain a powder. The yield as mass of the microcapsule was 105.7 g, 
which corresponded to the % recovery of 75.8 %, and the Peptide A content was 1 7.8 % while the 1 -hydroxy-2-naphthoic 
acid content was 2.8 %. 

EXAMPLE 6 

[01 41] A solution of 1 07.6 g of a DL-lactic acid polymer (weight average molecular weight: 30,800, number average 
molecular weight: 13,900, labeling method-based carboxyl group level: 66.3 ujnol/g) dissolved in 83.3 g of dichlo- 
romethane and 109.7 g of a solution obtained by dissolving 7.5 g of 1-hydroxy-2-naphthoic acid in 175 g of dichlo- 
romethane and 13.5 g of ethanol were mixed and adjusted at 28.7°C. 274.3 g of this organic solvent solution was 
weighed and mixed with an aqueous solution of 24.89 g of the acetate of Peptide A dissolved in 23.49 g of distilled 
water kept at 51.2°C, and the mixture was stirred for 5 minutes to emulsify only crudely, and then emulsified using a 
homogenizer at 1 0,070 rpm for 5 minutes to form a W/O emulsion. Then this W/O emulsion was cooled to 1 2.8°C and 
the poured over a period of 4 minutes and 1 3 seconds into 25 L of a 0. 1 % (w/w) aqueous solution of a polyvinyl alcohol 
(EG-40, NIPPON SYNTHETIC CHEMICAL INDUSTRY CO., LTD.) which had previously been kept at 13.3°C, and 
agitated using HOMOMIC LINE FLOW (TOKUSHUKIKAl) at 7 : 000 rpm to form a W/O/W emulsion. This W/OA/V emul- 
sion was adjusted at 1 5°C for 30 minutes, and then stirred without adjusting the temperature for 2 hours and 30 minutes 
to allow dichloromethane and ethanol to be evaporated or diffused into the outer aqueous layer, and then the oil phase 
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was solidified, sieved through a 75 u,m mesh-sized sieve, centrifuged at 2000 rpm continuously (H-600S, KOKUSAN- 
ENSHINKI) to precipitate a microcapsule : which was then recovered. The recovered microcapsule was dispersed again 
in a small amount of distilled water, and sieved through a 90 urn mesh-sized sieve. 15.4 g of mannitol was dissolved 
therein and then the mixture was lyophilized to obtain a powder. The yield as mass of the microcapsule was 101 .9 g, 
5 wh ich corresponded to the % recovery of 73. 1 %, and the Peptide A content was 1 7.3 % while the 1 -hydroxy-2-naphthoic 
acid content was 2.9 %. 

EXPERIMENT 3 

w [0142] About 45 mg of each microcapsule obtained in EXAMPLES 5 and 6 was dispersed in 0.3 ml of a dispersion 
medium (0.1 5 mg of carboxyrnethyl cellulose, 0.3 mg of polysorbate 80, 1 5 mg of mannitol dissolved in distilled water), 
and administered via a 22G injection needle subcutaneously to a dorsal area of a 7-week old male SD rat. After a 
predetermined period, the rat was sacrificed and the microcapsule remaining at the administration site was taken out, 
examined for the Peptide A content, which was divided by the initial content to obtain a % residue, which is shown in 

15 Table 3. 



Table 3, 
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% Residue, Peptide A 




Example 5 


Example 6 


1 Day 


87.0% 


90.5% 


1 Week 


80.0% 


83.2% 


2 Weeks 


72.3% 


73.5% 


4 Weeks 


57.6% 


58.0% 


8 Weeks 


48.2% 


46.7% 


12 Weeks 


34.5% 


32.8% 


16 Weeks 


23.1% 


22.0% 


20 Weeks 


14.7% 


13.4% 


26 Weeks 


6.1% 


3.3% 



[01 43] As evident from Table 3, both of the microcapsules of EXAMPLES 5 and 6 containing 1 -hydroxy-2-naphthoic 
acid ; which differed in the molecular weight of the lactic acid polymer as a base, could contain the pharmaceutical^ 
active substance at high concentration even when each was produced on the scale of about 125 g, and exhibited an 
35 extremely high suppressed effect on the initial excessive release of the physiologically active substance. Any of these 
microcapsules accomplished a sustained release of the physiologically active substance at a constant rate over an 
extremely prolonged period. 

INDUSTRIAL APPLICABILITY 

40 

[0144] An inventive sustained release composition contains a pharmacologically active substance at a high concen- 
tration and suppresses the initial excessive release of this substance, and maintains a stable releasing rate for a 
prolonged period (preferably about 6 months or longer). 

45 

Claims 

1 . A sustained release composition comprising a pharmacologically active substance or its salt, a hydroxynaphthoic 
acid or its salt and a lactic acid-glycolic acid polymer or its salt, wherein the product of the weight average molecular 

50 weight of said lactic acid-glycolic acid polymer by the amount (u.mol) of the terminal carboxyl group per unit ma.: 3 

(g) of said lactic acid-glycolic acid polymer is 1 ,200,000 to 3,000,000 (inclusive). 

2. The sustained release composition according to claim 1, wherein the pharmacologically active substance is a 
physiologically active peptide. 

55 

3. The sustained release composition according to claim 1 , wherein the pharmacologically active substance is an 
LH-RH derivative. 
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4. The sustained release composition according to claim 1 , wherein the hydroxynaphthoic acid is 1 -hydroxys-naph- 
thoic acid or 3-hydroxy-2-naphthoic acid. 

5. The sustained release composition according to claim 1 , wherein the hydroxynaphthoic acid is 1 -hydroxys-naph- 
thoic acid. 

6. The sustained release composition according to claim 1 , wherein the % molar ratio between lactic acid and glycolic 
acid is 100/0 to 40/60. 

7. The sustained release composition according to claim 1 , wherein the % molar ratio between lactic acid and glycolic 
acid is 1 00/0. 

8. The sustained release composition according to claim 1 , wherein the weight average molecular weight of the 
polymer is about 3,000 to about 100,000. 

9. The sustained release composition according to claim 8, wherein the weight average molecular weight is about 
20,000 to about 50,000. 

10. The sustained release composition according to claim 3, wherein the LH-RH derivative is a peptide represented 
by Formula: 5-oxo-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-Z 

wherein Y denotes DLeu, DAIa, DTrp, DSer(tBu), D2Nal or DHis(lmBzl), and Z denotes NH-C 2 H 5 or Gly-NH 2 . 

1 1 . The sustained release composition according to claim 1 , wherein the amount (u,mol) of the terminal carboxyl group 
of the polymer is 50 to 90 u.mol per unit mass (g) of the polymer. 

12. The sustained release composition according to claim 3, wherein the molar ratio between the hydroxynaphthoic 
acid or its salt and the LH-RH derivative or its salt is 3:4 to 4:3. 

13. The sustained release composition according to claim 3 which contains the LH-RH derivative or its salt in an 
amount of 12 % by weight to 24 % by weight based on the sustained release composition. 

14. The sustained release composition according to claim 1 , wherein the physiologically active substance or its salt 
is a slightly water-soluble or water-soluble substance. 

15. The sustained release composition according to claim 1 which is a formulation for injection. 

16. The method for producing a sustained release composition according to claim 1 which comprises removing a 
solvent from a mixture of a pharmacologically active substance or its salt, a lactic acid-glycolic acid polymer or its 
salt and a hydroxynaphthoic acid or its salt. 

17. The method according to claim 16 which comprises mixing the pharmacologically active substance or its salt with 
a solution of the lactic acid-glycolic acid polymer or its salt and the hydroxynaphthoic acid or its salt in an organic 
solvent, dispersing the mixture, and then removing the organic solvent. 

18. The method according to claim 1 6, wherein the pharmacologically active substance or its salt is an aqueous solution 
containing the pharmacologically active substance or its salt. 

19. The method according to claim 1 6, wherein the salt of the pharmacologically active substance is a salt with a free 
base or acid. 

20. A medicament comprising a sustained release composition according to claim 1 . 

21. A prophylactic or therapeutic agent against prostate cancer, prostate hyperplasia, endometriosis, hysteromyoma, 
metrofibroma, precocious puberty, dysmenorrhea or mammary cancer or an contraceptive containing a sustained 
release composition according to claim 3. 

22. The sustained release composition according to claim 1 , wherein the pharmacologically active substance or its 
salt is released over a period of at least 6 months or longer. 
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23. A sustained release composition comprising a pharmacologically active substance or its salt, 1 -hydroxys-naph- 
thoic acid or its salt and a biodegradable polymer or its salt. 
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COMPLETE SPECIFICATION 

Improvements in or relating to Therapeutic Compositions 

We, Chas. Pfizer & Co., Inc., a corpora- administer a definite amount of the antibiotic 

tion organised under the laws of the State of preparation to a patient. Li addition, many 

Delaware, United States of America, of 11, aqueous suspensions of water-insoluble 50 

Bardett Street, Brooklyn, New York, United penicillin salts have, in the past, tended 

5 States of America, do hereby declare the toward the formation of agglomerates which 

invention, for which we pray that a patent cause plugging of hypodermic needles and 

may be granted to us, and the method by binding of the pistons within hypodermic 

which it is to be performed, to be particularly syringes when attempts are made to use the 55 

described ^in and by the following statement : — suspensions. A still further problem is 

10 This invention is concerned with new encountered with sedimentation, many suspen- 

therapeutic compositions. In particular it is sions tending to setde out upon standing to 

concerned with compositions containing a form a sludge which is difficult or impossible 

water-insoluble salt of penicillin as the toresuspend. 60 
principal active ingredient. It has now been found that these difficulties 

15 A variety of preparations have been des- can be obviated by mixing with a water- 
shed involving a water-insoluble salt of insoluble salt of pemcillin in finely divided 
penicillin, such as procaine pemcillin and form, polyvinylpyrrolidone in an amount from 
mt^ylemylenedianime pemcillin, as the about 0.05 to 2.0% by weight of the water £S 
principal active therapeutic agent. Many of insoluble pemcillin salt, lecithin in an amount! 

20 these have proven to be very useful in the of from about 0.2 to about 5.0% by weight 
therapy of infectious diseases. Certain of these of the water-insoluble r^cillin salt, a 
compositions consist of aqueous suspensions of parenterally acceptable water-soluble buffer 
the antibiotic or preparations designed to be in an amount of from about 0.5 ito' 70 
suspended in water before intramuscular 10%. by weight of the water-insoluble 
25 injection, pemcillin salt, an alkali metal salt of 
It has been found that when particularly carboxymethyl cellulose in an amount of from 
finely divided particles of a water-insoluble about 0.1 to 3% by weight of the water- 
pe n icillin salt, that is, particles having an insoluble pemcillin salt and a preservative, to 75 
average diameter of less than about 10 to 20 obtain particularly excellent preparations in 
30 microns, are placed in aqueous suspension, dry powdered form suitable for extern- 
there is a defi ni te tendency for the finer frac- poraneous compounding with water to form 
tions of these materials to adhere to the walls aqueous suspensions. 

of the glass containers in which they are It has further been found that particularly 80 

commonly botded. This is true even though advantageous aqueous suspensions of enhanced 

35 the walls of such containers are treated with stability may be provided by incorporating 

such materials as silicones which tend to make with these materials a proportion of a stable 

the botties clear draining. polyhydroxy alcohol. 

There are other disadvantages to such pre- In the preparation of the compositions of 85 

parations. There is a tendency towards the this invention, the use of a variety of water- 

40 formation of non-uniform portions of the sus- insoluble salts of penicillin is contemplated, 

pension, that is> the withdrawal of part of the such as procaine pemcillin; dibenzylethylene- 

suspension from a bottle may not result in the diamine penicillin; N-benzyl-N 1 -{3^ e thoxy-4- 

administration of an amount of pemcillin in hydroxy)-b«izyl^thylenediamine pemcillin; 90 

proportions to the volume used. Furthermore, 2-cMoroprocaine pemcillin; and N^-di-^ 

45 many of the preparations having very fine methoxybenzyl)^thylenediamine pemcillin. Of 

particles display undesirably high viscosity these, procaine penicillin and dibenzylethylene- 

which makes it difficult to withdraw and cuamir*e pemcillin are particularly advan- 
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tageous. These salts are generally employed in 
an amount sufficient to furnish from about 
300,000 to 600,000 units of penicillin per cc. 
of final suspension. In preparing dry penicillin 

5 compositions suitable for extemporaneous com- 
pounding with water^ it is advantageous to 
employ finely divided penicillin, i.e., penicillin 
salts consisting substantially of particles rang- 
ing from about 5 to 30 microns in size, with 

10 preferably none in excess of 100 microns. It is 
preferred to employ particles having a size of 
from about 5 to 15 microns for preparations 
which are to be maintained in aqueous sus- 
pension over prolonged periods of time. 

15 Particles of this size are more readily sus- 
pended and maintained in stable suspension 
than are those of a coarser or finer particle 
size. 

Polyvinylpyrrolidone (PVP) is a high mole- 

20 cuiar weight polymer formed by the poly- 
merization of vinyl pyrrolidone by methods well 
known in the art. It is commercially available 
under the Registered Trade Mark w Plasdone '\ 
For tie purposes of this invention, polyvinyl- 

25 pyrrolidone, having a K value ranging from 
26 to 36 is especially useful. The K value 
expresses the degree of polymerization of poly- 
vinylpyrrolidone, and is calculated from the 
relative viscosity or ratio of the viscosity of a 

30 dilute solution of PVP (such as a 1 % solution) 
to the viscosity of the solvent, i.e; water. A 
preferred form of polyvinylpyrrolidone 
exhibits a K value of 30, corresponding to an 
average molecular weight of 40,000. The poly- 

35 vinylpyrrolidone exerts both a dispersing 
action on the penicIUin, particularly procaine 
penicillin, and a stabilizing effect on the sus- 
pension. Thus, it facilitates the production of 
a uniform suspension of die water-insoluble 

40 penicillin and thereafter inhibits degradation 
of the penicillin. In this respect, it may be 
characterized as having a physico-chemical 
effect in the composition. An amount of poly- 
vinylpyrrolidone of from about 0.05 to 2% by 

45 weight of the water-insoluble penicillin salts is 
used to accomplish the desired effects. This 
corresponds to a weigiht/ volume proportion 
from about 0.02 to 0.6%, based on die final 
aqueous suspension. The preferred amount of 

50 polyvinylpyrrolidone is from about 0.1 to 
1.5% by weight of the water-insoluble 
penicillin (approximately 0.03 to 0.45% on a 
wt/vol. basis). 

The lecithin employed in this invention 

55 cooperates with the polyvinylpyrrolidone in 
dispersing the water-insoluble penicillin salts, 
and is especially useful in creating an interface 
which drains clear from the side walls of 
silicone treated containers. . An amount of 

60 lecithin from about 0.2- to about 5% (0.06 to 
1.5 wt./vol.%), preferably from about 1 to 3% 
(0.30 to 0.90 wt./vol.%) by weight of the 
water-insoluble penicillin salt is used for this 
purpose. 

65 The buffer, in turn, stabilizes the resulting 



suspensions against the pK changes and 
thereby prevents degradation of the penicillin. 
While a variety of water-soluble, parenterally 
acceptable buffers may be used in this con- 
nection, it is preferred to employ an alkali 70 
metal salt of a poiybasic organic acid, such as 
sodium citrate. Other suitable buffers include 
sodium acetate, sodium lactate and alkali metal 
salts of inorganic acids, such as monobasic and 
dibasic sodium phosphates. The buffer is 75 
employed in an amount of from about 0.5 to 
10% by weight of the water-insoluble peni- 
cillin, i.e. 0.15 to 3.0 wt./vol.%. 

Suitable preservatives include the following : 
'* Patabens i.e., lower alkyl, such as methyl, °>u 
propyl, and/or butyl esters of parahydroxy- 
benzoic acid; sodium bisulfite; quaternary 
ammonium compounds such as benzalkonium 
chloride. The preservative is especially useful 
in multiple dose suspensions to protect the 85 ■ 
same against possible contamination which 
may be introduced to the suspension while 
preparing for injection. For this purpose, a 
minor amount of preservative such as from 
about 0.01 to 0.5%. by weight of the water- 90 
insoluble penicillin (0.003 to 0.15 wt./vol.%) 
is generally adequate. 

In those instances where a preservative is 
used to prevent the growth of possible con- 
tarninating organisms, there is a tendency for 95 
the preservative, particularly in the case of the 
parahydroxybenzoic acid esters, to create, in 
conjunction with the lecitbin, a pronounced 
floculated condition of the water-insoluble 
pemciilin, especially procaine penicillin. The 100 
addition of polyvinylpyrrolidone to such com- 
positions has been found to be highly advan- 
tageous in controlling tois flocculated condition 
to the point of desirable fluidity. 

The alkali metal salt of carboxymethyl 105 
cellulose, such as sodium carboxymethyl 
cellulose, acts as a suspending agent fonthe 
dispersion formed by the polyvinylpyrrolidone 
and lecithin. The alkali metal salt of carboxy- 
methyl cellulose apparendy acts further to pre- 110 
vent the settling of the polyvinylpyrrohdone— 
and lecithin — produced dispersions, thereby 
resulting in a more stable suspension than is 
possible without such an agent The alkali 
metal salt of carboxymethyl celMose also 115 
assists the lecithin in promoting the desired 
drain-clear characteristics of the suspensions. 
These effects are readily obtained by employ- 
ing from about 0.1 to 3Vb (0.03 to 0.90 wt./ 
vol.%) of alkali metal salt of carboxymethyl 120 
cellulose by weight of the water-insolubie 
penicillin. 

In some instances, it may also be advan- 
tageous to supplement the above-described 
ingredients with a proportion of a stable poly- 125 
hydric alcohol, such as sorbitol (1^3.4^,6.- 
hexanehexol) and its isomer mannitol in an 
amount of from about 25 to 85% (7.50 to 
25.50 wt/vol.'^) preferably 35 to 65% (10.50 
to 19.50 wl/voI.%.) by weight of the water- 130 
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insoluble penicillin. The polyhydric alcohol ester of parahydroxybenzoic acid 0.15 gram, 

functions as a diluent extender replacing some lecithin 7.60 grams, polyvinylpyrrolidone 

of the water in the system and thereby raising (PVP) 0.76 gram (average molecular weight 65 

the specific gravity thereof to decrease die 40,000), and sodium carboxy methyl cellulose 

5 sedimentation rate of the suspended particles. (CMC) 1.52 grams. The aqueous suspension 

In this respect, the polyhydric alcohol aug- thus prepared was then dispensed into 

ments the polyvinylpyrrolidone in stabilizing mudtiple-dose glass bottles, placing in each 

the penicillin suspensions, particularly the sus- sufficient material to provide 10 injections of 70 

pensions of procaine penicillin. 300,000 units per millihtre each. All of these 

10 If lecithin is omitted from the compositions operations were conducted under sterile con- 

of this invention, the suspensions obtained are ditions and the bottles were stoppered and 

not nearly as desirable. There is a definite capped. It was found that the aqueous suspen- 

tendency to form films on the walls of the sion maintained excellent stability upon storage 75 

bottles in which the suspension is stored and a at room temperature for several months. No 

15 non-uniform suspension is often encountered, indications of scum or film formation were 

even if samples are withdrawn shortly after observed and a minim nm of agitation after 

violent agitation. In like manner, the omission such storage resulted in a uniform suspension, 

of polyvinylpyrrolidone from the compositions The material was readily withdrawn through 80 

results in suspensions that are not nearly as a 22 gauge hypodermic needle with no plug- 

20 effective as when the compositions of the ging of the needle and with considerable ease, 

invention are used. The preparations of this Ten uniform proportions could be withdrawn 

invention display a remarkably high order of from the bottles, leaving a very small amount 

stability even when the water-insoluble sus- of residual material. The product flowed freely 85 

pension is prepared and stored for extended from the walls of the glass vials and gave no 

25 periods of time. There is no tendency for the evidences of adhering thereto, 
formation of scum resulting from decomposi- WHAT WE CLAIM IS :— 
tion products which occur in the absence of 1. A therapeutic penicillin composition corn- 
any of the components of these compositions, prising a water-insoluble salt of penicillin in 90 
The compositions of this invention are finely divided form, polyvinypyrrolidone in an 

30 particularly effective in giving a prolonged amount of from about 0.05 to 2.0% by weight 

therapeutic blood level upon intramuscular of the water-insoluble penicillin salt, lecithin in 

administration. Certain other materials may be an amount of from about 0.2 to about 5.0% by 

included in order to increase the value of the weight of the water-insoluble perucillin salt, a 95 

compositions. However, these are not essential parenterally acceptable water-soluble buffer in 

35 for the proper functioning of the compositions, an amount of from about 0.5 to 10% by weight 

For instance, the use of a water-soluble salt of of the water-insoluble penicillin salt, an alkali 

penicillin in addition to the water-insoluble metal salt of carboxymethyi cellulose in an 

salt assists in obtaining a rapid rise in peni- amount of from about 0.1 to 3%, by weight 100 

cillin. blood level upon administration of the of the water-insoluble penicillin salt and a 

40 compositions. There may be also included in preservative. 

the compositions a minor proportion of pro- 2. A composition according to Claim 1, in 

caine hydrochloride as a solubility depressant, which the preservative is present in an amount 

that is, less than about 5 % by weight based on of from about 0.01 to 0.5% by weight of the 105 

the suspension volume (5% wt./vol. %), when water-insoluble penicillin salt. 

45 procaine penicillin is the water-insoluble peni- 3. A composition according to Claim 1 or 

cillin salt. Similarly, a small amount of 2 in which the water-insoluble penicillin salt is 

dibenzylethylenediaraine diacetate may be procaine penicillin. 

included in aqueous suspensions or in dry 4. A composition according to any of Claims 110 

compositions for the preparation of aqueous 1 — 3 3 in which the water-insoluble penicillin 

50 suspensions in which dibenzylethylenediamine salt is dibenzylettylene&amine penicillin. 

penicillin is the principal active ingredient. 5. The therapeutic penicillin compositions 

The following example is given by way of substantially as set forth in the example, 

illustration and is not intended as a imitation 6. A stable aqueous penicillin suspension 115 

of this invention: formed from a composition according to any 

35 Example one of the preceding claims. 

Three hundred grams of procaine penicillin 7. A suspension according to Claim 6, 

having an average particle size of less than including a stable polyhydric alcohol such as 

about 15 microns were thoroughly dispersed, sorbitol. 120 

to provide 300,000 units of penicillin per STEVENS, LANGNER, PARRY & 

60 millihtre, in an aqueous diluent containing ROLLINSON, 

sodium citrate 11.4 grams, methyl ester of Chartered Patent Agents, 

parahydroxybenzoic acid 1.37 grams, propyl Agents for the Applicants. 

Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier Press. — 1959. 
Publiihed at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which 

copies may be obteaed. 
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(54) NOVEL PHARMACEUTICAL COMPOSITION FOR USE IN EMERGENCY TREATMENT AND 
PREPARATION METHOD THEREOF 

(57) The present invention relates to a pharmaceu- 
tical composition and the method for the preparation 
thereof, The composition comprises 1.5- 6.9% (w/v) of 
one or more substances selected from sodium chloride, 
sodium bicarbonate, potassium chloride, magnesium 
sulfate, calcium chloride, calcium gluconate, and the 
like, and 3~ 18% (w/v) of one or more substances 
selected from hydroxyethylstarch, dextran, car- 
boxymethylstarch, polyvinylpyrrolidone, gelatin deriva- 
tives, and the like as well as the remainder of 
conventional injections, as long as sodium chloride is 
not less than 1 .5% (w/v). The pharmaceutical composi- 
tion of the present invention is used to treat and save 
the wounded and patients, as well as to treat shock, its 
advantages include safe and convenient use, rapid and 
good curative effect, long time maintenance, extensive 
uses and the like. 
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Description 

[0001] The present invention relates to a novel pharmaceutical composition for treating and saving the wounded, 
and to a method for the preparation thereof. 

5 [0002] Nowadays blood transfusion and fluid infusion are the important measures to treat and save the wounded, 
especially the traumatic shock. Usually, the principle of transfusion is "to infuse component the patient is deficient in, to 
supply how much the patient needs". For example, when the patient mainly lost his blood, he should be transfused with 
blood, even though sometimes the patient needs to be transfused with blood from normal individuals. When the patient 
mainly lost plasma, plasma or plasma volume expander should be transfused to him; when the patient mainly lost inter- 

w cellular fluid, physiological saline should be infused. In fact, the treating and saving measures of formulating physiolog- 
ical solutions on the basis of normal composition of body, or transfusing with blood from normal individuals to the patient 
with evident physiopathological changes is to treat the organism as mechanical device, therefore these measures often 
have following disadvantages: 

15 (1) Blood transfusion: In general, the volume of blood transfusion closes to or exceeds the volume of blood lost. If 
a big amount of blood is required, the blood source will be difficult, the cost is expensive. The preparation and stor- 
age need certain conditions. In addition, before transfusion, some time should be taken for blood typing and cross 
match tests, and only the substitutes could be used for the individuals with rare blood types. Blood transfusion 
could result in production of anti-platelet antibodies and anti- leucocyte antibodies, as well as various hematogenic 

20 infectious diseases, for example, AIDS, hepatitis B, hepatitis C. etc. 

(2) Albumin infusion: There is a great demand, a great expense difficult source, complicated preparation method 
and certain requirements for the method storage. After albumin infusion, it could effuse through capillaries, and 
couldn't be reabsorbed into vessel. Therefore interstitial edema will occur, and might result in pulmonary edema, 
renal failure, and cardiac insufficiency, by contrast enhance the mortality. Albumin infusion could result in evident 

25 decrease of o^, o^, p, 7 -globulins and fibrinogen, cause reduction of immunity, and affect function of blood coagu- 
lation. 

(3) Infusion of fluorocarbon as plasma substitute: It requires a large amount of the substitute and simultaneous 
inhalation of oxygen with high component pressure. Otherwise the demand of the organism is not met. The fluoro- 
carbon as plasma substitute should be preserved in low temperature, and its transport is not convenient. For exam- 

30 pie, thirty minutes before infusion the patient should be injected with 1 0 mg of dexamethasone. The frozen injection 

for infusion should be thawed. Thus, the procedures are complicated. After infusion, the observation should be con- 
tinued for 5 -- 10min. The infusion of fluorocarbon as plasma substitute could induce adverse reactions, such as 
anaphylaxis, hypotension, thrombocytopenia, hepatosplenomegaly, reduction of immunity, and abnormality of fibri- 
nolysis system. 

35 (4) Infusion of balanced buffers, Its amount infused should be three times more than the volume of blood lost to 
maintain the blood pressure. 60-80% the solution infused could effuse out of the blood vessel, which results in tis- 
sue edema (for example, cerebral edema, pulmonary edema) and renal insufficiency, it could cause the difficulty 
for sequential therapy. 

(5) Infusion of physiological saline. Its amount infused should also be three times more than the volume of blood 
40 lost Its efficacy is poorer than balanced buffers, and its adverse effects are more significant. 

[0003] To solve the problems in blood transfusion and infusion, the skilled in the art had studied anti-shock therapy 
with hypertonic sodium chloride solution. For example, 7. 5% (w/v) NaCI solution suggested by Velasco. But the hyper- 
tonic NaCI solution has some toxicity to the organism. 
45 [0004] Most investigators have proposed intravenous injection of hypertonic NaCI solution for anti-shock therapy, 
but it usually leads to obvious complications, such as hypotension, rupture of blood cells induced by extra hypertonic 
solution, cardiac insufficiency, decreased renal function and disorders of nervous system. 

[0005] Thus, it can be showed that there is a demand for novel anti-shock drugs to reverse the physiopathological 
condition of shock, in order to obtain time for sequential therapy after the emergency treatment, and to create opportu- 
50 nity with improved effect of treating and saving the wounded and patients, and with increased survival rate. 

[0006] An object of the present invention is to provide a pharmaceutical composition with convenient source, less 
dosage, rapid and better efficacy, less side effects, wider uses, and without restriction by blood type as well as without 
special storage condition. 

[0007] Another object of the present invention is to provide the method for the preparation of the said pharmaceu- 
55 tical composition. 

[0008] The present invention proposes a new concept of liquid therapy for shock, based on three aspects of think- 
ing. The first aspect in connection with the present unreasonable dosage regimen, following principle is adopted: w to 
infuse what component the patient needs, then to infuse how much the patient needs". Based on the physiopathological 
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status of the patient with shock, there is a prior demand for the compound solution containing hypertonic sodium ion (or 
combination of various crystals, or combination of various crystals and various colloids, etc. ) to preliminarily improve 
micro-circulation, tissue perfusion, and hemodynamics immediately. Then in the light of practical demand the isosmotic 
solution or proper hypoosmotic solution or whole blood or concentrated red blood cell suspension is administered, in 

5 order to permit the latter infused solution better action when the patient's condition has improved preliminarily by the 
earlier hypertonic solution, and to remit over-de hydration of some cells caused possibly by the hypertonic solution 
infused earlier. The second aspect, in connection with the present unreasonable ratio of colloids and crystals in the 
transfusion for patient with shock prepared on basis of their normal physiological concentrations, in view of the fact that 
the property and volume-expanding ability of artificial colloids are different from albumin in blood, it is considered that 

10 the transfusion with suitable ratio of colloids and crystals, instead of human normal physiological proportion, should be 
administered on basis of the physiopathological status of patients. Thus medicine administration according to indica- 
tions could reduce the dosage, increase the efficacy, and decrease the complications. The third aspect, in connection 
with a lot of inadequacy in the present anti-shock experimental studies (such as animal model, reasonable concentra- 
tion and infusion rate of hyperosmotic solutions), a great number of experimental studies have been conducted, and 

?5 met with success. 

[0009] Based on the above three aspects of thinking form the theoretical researches and the clinical experiences, 
the particular embodiments of the present invention have been completed through the animal experiments and the clin- 
ical practice. 

[0010] The present invention is achieved through the following embodiments. A pharmaceutical composition com- 
20 prising 1 .5-6.9% (w/v) of one or more substances selected from sodium chloride, sodium bicarbonate, potassium chlo- 
ride, magnesium sulfate, calcium chloride, calcium gluconate, calcium lactate, sodium lactate, sodium acetate and Tris 
(Hydroxy methyl) aminomethane; and 3-18%(w/v) of one or more substances selected form hydroxyethylstarch, dex- 
tran, carboxy methylstarch, polyvinyl- pyrrolidone (PVP), gelatin derivatives, condensed glucose, glucose, fructose, lac- 
tose, glycerin, xyiitol, sodium alginate, N-2- hydroxypropylacrylamide, ethylene epoxide -polypropylene glycol, pectin, 
25 mannitol, and penta hydroxyethylstarch (Pentastarch) as well as the remainder of conventional injections, as long as 
sodium chloride Is not less than 1 . 5%(w/v), and the concentration of sodium ion is not more than that of in 6. 9% (w/v) 
sodium chloride solution or equivalent. 

[0011] . The preferred composition of the present invention consisting of 4.2 ± 0.2g sodium chloride and 7.6±0.6g 
hydroxyethylstarch per 1 00ml. 

30 [0012] , In the composition, the said hydroxyethylstarch contains at least 10% hydroxyethylstarch with molecular 
weight of;25, 000-45, 000. 

[0013] - The said dextran has molecular weight of 40, 000-230, 000, carboxymethylstarch has molecular weight of 
30, 000-80, 000, PVP has molecular weight of 5, 000-700, 000, condensed glucose has molecular weight of 8; 000- 
12, 000; sodium alginate has molecular weight of 20, 000-26, 000; pectin has molecular weight of 20, 000-40, 000; 

35 pentahydroxyethylstarch is the product of DuPont Company (Pentastarch) with molecular weight of 264, 000. 

[0014] The said gelatin derivatives have molecular weight of 20, 000- 35, 000, and are selected from urea-conju- 
gated gelatin, modified liquid gelatin, oxidized polygelatin and degraded gelatin poly-peptide. 
[0015] Conventional injections are selected from water for injection, physiological saline, balanced buffers, glucose 
solution, sodium lactate solution, sodium acetate solution, Tris solution, and glucose and sodium chloride solution. 

40 [0016] The composition of the present invention is prepared as following procedure: dissolving 3-1 8g of total 
amount of one or more substances selected from hydroxyethylstarch, dextran, carboxymethylstarch, PVR gelatin deriv- 
atives, condensed glucose, glucose, fructose, lactose, glycerin, xyiitol, sodium alginate, N-2-hydroxypropylacryla- 
mide, ethylene epoxide-polypropylene glycol, pectin, mannitol, and pentahydroxyethylstarch in 100 ml of total volume 
of one injection or mixture of several injections selected from water for injection, physiological saline, balanced buffers, 

45 glucose solution, sodium lactate solution, sodium acetate solution, Tris solution, and glucose and sodium chloride solu- 
tion; then adding 1 . 5g sodium chloride and 0— 5.4g of one or more substances selected from sodium chloride, sodium 
bicarbonate, potassium chloride, magnesium sulfate, calcium chloride, calcium gluconate, calcium lactate, sodium lac- 
tate, sodium acetate, and Tris; with the proportion described above, then mixing, and dissolving, to obtain, the compo- 
sition of the present invention. 

so [0017] The preferred technical embodiments are as follows: (i) preparation of hydroxyethylstarch: According to the 
proportion of 1 :0. 8- 0. 875: 0. 04-0. 042 (w/v/v), corn starch or sorghum starch, and 95% ethanol, and 35-38% hydro- 
chloric acid are mixed, the temperature is raised to 65-80 °C for hydrolysis of starch, 16% sodium hydroxide solution 
is added in proportion of 0. 6-0. 7: 1 (v/w) of stated solution versus starch. Then ethylene epoxide is added in propor- 
tion of 0. 35-0. 5: 1 (w/w) of ethylene epoxide versus starch, then the mixture is heated to 65-75 °C to cause starch 

55 hydroxyethylation. (ii) Formulation of the composition: Appropriate volume of water is added, to prepare 7.6 ± 0.6%(w/v) 
hydroxyethylstarch solution. Suitable amount of activated charcoal is added to discolor the solution through adsorption. 
After filtration, the pH is adjusted to 5. 5-7, and the total of 4 ± 0.2g of sodium chloride is added, suitable amount of 
activated charcoal is added again for adsorption and discolor action. After filtrated through 0. 8 jim micro-porous filter, 
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the preferred composition of the present invention is obtained. 

[0018] The present invention is further illustrated in detail by the following examples. 
Preparative example. 

5 

Preparation of hydroxyethylstarch. 

[0019] 1 0Og Corn or sorghum starch are mixed with 87mi of 95% ethanol and 4. 2 ml of 35% hydrochloric acid. The 
temperature is raised to 70°C to hydrolyze starch then 60ml at 1 6% sodium hydroxide solution is added, then 45g epox- 
w yethane is added, and the mixture is heated to 70 °C to complete hydroxyethylation of starch. According to the formula 
and preparative method described above hydroxyethylstarch with molecular weight of 25, 000-45, 000 is obtained. 

Example 1. 

15 Prepare according to the following proportion: 
[0020] 



hydroxyethylstarch 


7.6g 


sodium chloride 


4.2g 


water for in injection 


added to 100ml 



[0021] 7. 6g hydroxyethylstarch are dissolved in 100 ml of water for injection. 0. 5g of activated charcoal is added, 
and the mixture is heated at 90°C for 15 min under stirring. After filtration through asbestos plate filter, 4. 2g sodium 
chloride (purity pharmaceuticals use) are added, and dissolved with stirring. 0.5g activated charcoal is added, and the 
30 mixture is heated at 90°C for 1 0 min under stirring. After filtration through asbestos plate filter and 0. 8u.m micro-porous 
filter, resulted filtrate is transferred into 250ml or 500-ml glass or plastic bottles (bags), after sealing the bottles or bags 
are 1 .05 kg/cm 2 and 1 21 -1 23 °C for 1 5--30min for sterilization, to obtain the pharmaceutical composition of the present 
invention; 

35 Example 2. 

Prepare according to the following proportion: 

[0022] 



dextran 


99 


hydroxyethylstarch 


3g 


sodium chloride 


1.5g 


sodium bicarbonate 


3.4g 


physiological saline 


added to 100ml 



[0023] Above-mentioned dextran (produced by Shanghai Glucose Factory), hydroxyethylstarch (prepared accord- 
ing to preparative example) are dissolved in physiological saline, and adsorbed and discolored with activated according 
to the method stated in Example 1. Then above-mentioned sodium chloride, sodium bicarbonate, are added in turn, 
55 and dissolved with stirring. There after the obtained solution is discolored, filtered, sterilized and filled, to obtain the 
pharmaceutical composition of the present invention. 
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Example 3. 

Prepare according to the following proportion: 
5 [0024] 



polyvinyl-pyrrolidone (PVP) (produced by Bayer) 


I2g 


sodium chloride 


2g 


sodium acetate 


4g 


10% glucose solution 


added to 100ml 



15 

[0025] According to the method described in Example 2 except that dextran and hydroxyethylstarch is replaced by 
PVP, sodium bicarbonate is replaced with sodium acetate, and physiological saline is replaced with glucose solution, 
the composition of the present invention is obtained. 

20 Example 4. 

Prepare according to the following proportion: 

[0026] 

25 





sodium alginate (produced by Nanning Pharmaceutical Factory, Guangxi) 


18g 


30 


sodium chloride 


1.5g 




. water for injection, 


added to 1 00ml 



[0027] According to the method described in Example 1 to prepare the above-mentioned formulation, thus obtain- 
35 ing the pharmaceutical composition of the present invention. 

Example 5. 

Prepare according to the following proportion: 

40 

[0028] 



45 


pectin (produced by PLA No. 185 Hospital) 


3g 




Pentahydroxyethylstarch (produced by DuPont Company) 


4g 




sodium chloride 


4g 


50 


mannitol 


7g 




2% sodium lactate lution 


added to 1 00ml 



[0029] According to the method in described in Example 1, pectin Pentahydroethylstarch and mannitol are dis- 
55 solved in sodium lactate solution, then sodium chloride is added and dissolved. 
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Example 6. 

Prepare according to the following proportion: 
[0030] 



condensed glucose (produced by southwest No. 5 Pharmaceutical Factory Chongqing) 


7g 


N-2-hydroxy propyl acryl amide 


2g 


sodium chloride 


4.4g 


water for injection 


added to 100ml 



[0031] Using the method in Example 1, the pharmaceutical composition of the present invention is prepared 
according to the above mentioned formula. 

Example 7. 

Prepare according to the following proportion: 
[0032] 



fructose (produced by Shanghai No. 2 Reagent Factory) 


5g 


xylitol (produced by Liaoyang organic Chemical Plant) 


4g 


sodium chloride 


4.8g 


water for injection 


added to 1 00ml 



[0033] Using the method in Example 1, the pharmaceutical composition of the present invention is prepared 
according to the above-mentioned formula. 

Example 8. 

Prepare according to the following proportion: 
[0034] 



glycerin 


2g 


lactose (produced by Shanghai No. 2 chemistry Reagent Factory) 


sg 


sodium chloride 


eg 


water for injection 


added to 100ml 



[0035] Using the method in Example 1, the pharmaceutical composition of the present invention is prepared 
according to the above-mentioned formula. 

Test 1 : Animal Experiment 

[0036] From adult healthy hybrid dogs, regardless of sex, under local anesthesia, isolate femoral artery and femoral 
vein, then insert catheters respectively. 
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[0037] The arterial duct is connected to CF--II model monitor of cardiovascular function [Shanghai approval docu- 
ment number: Hu-Yao- Qi-Jian (Zhun)~97— 221 1 03] to monitor cardiovascular status. Bleed these dogs to monitor 
cardiovascular status. Bleed these dogs to average arterial pressure (MAP) of 40-50 mmHg for a period of about 15 
min. Maintain this blood pressure level for 1 hour, then infuse the product prepared in Example 1 at the dose of 8 ml/kg. 
5 [0038] Monitor the cardiovascular function and urine volume over 4 hours after infusion. In the following tables, the 
blood pressure and other indexes are expressed as percentage of their basal levels respectively, the unit of urine vol- 
ume is ml/kg body weight/h. 
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Table 2 



Comparison between composition of the invention and equal volume of whole blood For urine volume in restoration 

stage in shocked dogs [unit: ml/kg/h] 




after transfusion 




1h 


2h 


3h 


4h 


Composition of the inven- 
tion 

equal volume of whole 
blood 


2.23 ±1.03 

0.33 ±0.21 (p<0.01) 


0. 94 ±0.22 

0.27 + 0.16 (p<0.01) 


0.95 ± 0.29 
0.73 ± 0.41 


1.00 ±0.30 

0.61 ± 0.25 (p<0.05) 



15 

[0039] The composition of the Example 1 of the invention was administered to 48 patients in Hefei No. 1 05 Hospital, 
Anhui province. The total effective rate was 100%. Most patients, had the blood pressure raised, urine volume 
increased, and the limbs became warm during transfusion. Several patients whom the conventional drugs couldn't 
already reverse, the composition of the Example 1 of the invention begin to play its role 5-- 10minutes after infusion. 
20 The circulatory function of patients has recovered basically, (and there were no obvious clinical complications. 

Test 3. Experiment of acute toxicity 

[0040] when dogs were given at 2.5 times the dosage for human, no adverse effects have been showed. At 5 times 
25 the recommended dosage, salivation and vomiting were seen in the dogs. At 3. 75 times the recommended dosage 
vomiting was seen without salivation in the dogs. All the above administered dogs survived more than 45 days. At 7. 5 
times the recommended dosage the death occurred in the administered dogs, focal hemorrhage was seen in the lungs 
as target organs. 

[0041] The composition of the present invention could be infused through vein at the dose of 8 ml of the composi- 
30 tion of the present invention per kg body weight It could be used directly in treating and saving the patients with shock, 
combined injuries or hematorrhea etc in order, to reverse the physio-pathological status of patients and to obtain time 
for sequential treatment. 

[0042] As compared with the prior art, the pharmaceutical composition, of this invention has the following prominent 
features and improvement: 

35 

1 . Greatly decreased volume of transfusion: In general, the dose for most patients is 500 ml or less than 500 ml. 
Even if the patients suffered from lethal hematorrhea, to infuse only 1/4 to 1/6 of volume of lost blood is enough. 
Thus, it could obviously decrease the incidence rate of tissue edema or overload of heart. 

2. Rapid curative effect just during 5- 10 minutes after infusion, the hemodynamics has been improved signifi- 
40 cantly. 

3. Good efficacy. As Test 1 showed the composition of the invention had better efficacy than that of equal volume 
of fresh whole blood. Moreover, although the composition of the invention has no oxygen- carrying action, but it 
could improve micro-circulation and general status to decrease oxygen consumption and to increase oxygen 
transport. Thus at least 50% of blood transfused could be saved, it could mitigate the contradiction with short sup- 

45 ply of blood, decrease the complications induced by blood transfusion, and reduce obviously the economic burden 
for the patients. 

4. Maintain once of efficacy for long time. As Test 1 showed, after infusion of the composition of the invention, the 
improvement of hemodynamics and general condition could be maintained more than 3-4 hours, even if all other 
infusion and drugs were not administered. 

so 5. Unnecessary special condition for storage: The composition could be stored at room temperature, simply used 
infused intravenously or intraosseous ly and conveniently transported, without special devices and special vehicles. 

6. Unnecessary blood typing and cross match tests: It is suitable for individual with any blood type. Thus the valu- 
able time could be gained to rescue the wounded and patients. 

7. Wider uses: It could widely be used in the treatment of patients with shock of various types, brain trauma burn, 
55 combined injuries, cardiogenic shock induced by myocardial infarction of right ventricle, hypotension induced by 

hemodialysis, biliary pancreatitis, cardiovascular intoxication induced by narcotic, hepatic echinococcosis, and 
patients under operation. 

8. Change of administration model: The composition of the invention could be infused drop by drop intravenously, 
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instead of pushing so it could be conveniently used with less complications. 

[0043] In general, as compared with prior therapy, the composition of the present invention possesses unique ben- 
efit and theoretical innovation, for treating and saving the wounded and patients, so it is active significance. 

Claims 

1. A pharmaceutical composition comprising 1 .5-6.9 % (w/v) of one or more substances selected from sodium chlo- 
ride, sodium bicarbonate, potassium chloride, magnesium sulfate, calcium chloride, calcium gluconate, calcium 
lactate, sodium lactate, sodium acetate and Tris (Hydroxy methyl) aminomethane, and 3-1 8 % (w/v) of one or more 
substances selected from hydroxyethylstarch, dextran, carboxymethylstarch, polyvinyl-pyrrolidone (PVP), gelatin 
derivatives, condensed glucose, glucose, fructose, lactose, glycerin, xylitol, sodium, alginate, N--2- hydroxypropy- 
lacrylamide, ethylene epoxide-polypropylene glycol, pectin, mannitol, and pentahydroxyethylstarch; as well as the 
remainder of conventional injections, as long as sodium chloride is not less than 1.5% (w/v), and the concentration 
of sodium ion is not more than that of 6.9 % (w/v) sodium chloride solution or equivalent. 

2. The pharmaceutical composition of Claim 1 , wherein the composition contains 4.2 ± 0.2g sodium chloride and 7.6 
± 0.6g hydroxyethylstarch per 100 ml. 

3. The pharmaceutical composition of Claim 1 or 2, wherein the conventional injections are selected from water for 
injection, physiological saline, balanced buffers, glucose solution, sodium lactate solution, sodium acetate solution, 
Tris solution, and glucose and sodium chloride solution., 

4. The pharmaceutical composition of Claim 1 or 2, wherein hydroxyethylstarch contains at least 10% hydroxyethyl- 
starch with molecular weight of 25, 000-45, 000. 

5. The pharmaceutical composition of Claim 1, wherein gelatin derivatives have, molecular weight of 20, 000-35, 
000, and are selected from urea-conjugated gelatin, modified liquid gelatin, oxidized polygelatin and degraded gel- 
atin polypeptide. 

6. The pharmaceutical composition of Claim 1, wherein dextran has molecular weight of 40, 000-230, 000; car- 
boxymethylstarch has molecular weight of 30, 000-80, 000, PVP has molecular weight of 5, 000-700, 000, con- 
densed glucose has molecular weight of 8, 000- 12, 000, sodium alginate has molecular weight of 20, 000-26, 
000, pectin has molecular weight of 20, 000-40, 000; pentahydroxyethylstarch has molecular weight of 264, 000. 

7. A method for preparing the pharmaceutical composition of Claim 1 , comprising: dissolving 3-1 8g of one or more 
substances selected from hydroxyethylstarch, dextran, carboxymethylstarch, PVR gelatin derivatives, condensed 
glucose, glucose, fructose, lactose, glycerin, xylitol, sodium alginate, N-2--hydroxypropylacrylamide, ethylene 
epoxide-polypropylene glycol, pectin, mannitol, and pentahydroxyethylstarch, in total of 1 00 ml of one injection or 
mixture of several injections selected from water for injection, physiological saline, balanced buffers, glucose solu- 
tion, sodium lactate solution, sodium acetate solution, Tris solution, and glucose and sodium chloride solution; the 
adding 1 .5g sodium chloride and 0 — 5.4g of one or more substances selected from sodium chloride, sodium bicar- 
bonate, potassium chloride, magnesium sulfate, calcium chloride, calcium gluconate, calcium lactate, sodium lac- 
tate, sodium acetate, and Tris with the proportion described above, then mixing, dissolving, to obtain the 
composition of the present invention. 
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